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ABSTRACT 

The SWIFT gamma ray observatory's Burst Alert Telescope (BAT) has detected a sample of active 
galactic nuclei (AGN) based solely on their hard X-ray flux (14-195 keV). In this paper, we present 
for the first time XMM-Newton X-ray spectra for 22 BAT AGNs with no previously analyzed X-ray 
spectra. If our sources are a representative sample of the BAT AGN, as we claim, our results present 
for the first time global X-ray properties of an unbiased towards absorption {uh < 3 x lO^^cm"^), 
local (< z >= 0.03), AGN sample. We find 9/22 low absorption {uh < 10^'^ cm^^), simple power law 
model sources, where 4 of these sources have a statistically significant soft component. Among these 
sources, we find the presence of a wari n absorbe r statis ticall y significant f o r only one Seyfert 1 source, 
contrasting with the ASCA results of iRevnoldi ()1997f ) and lCeorge et al\ (|1998h . who find signatures 
of warm absorption in half or more of their Seyfert 1 samples at similar redshifts. Additionally, 
the remaining sources (14/22) have more complex spectra, well-fit by an absorbed power law at 
E > 2.0 keV. Five of the complex sources are classified as Compton-thick candidates. Further, we find 
four more sources with properties consistent with the hidden/buried AGN reported by Ueda et al. 
(2007). Finally, we include a comparison of the XMM-Newton EPIC spectra with available SWIFT 
X-ray Telescope (XRT) observations. From these comparisons, we find 6/16 sources with varying 
column densities, 6/16 sources with varying power law indices, and 13/16 sources with varying fiuxes, 
over periods of hours to months. Flux and power law index are correlated for objects where both 
parameters vary. 

Subject headings: surveys, X-rays: galaxies, galaxies: active 



1. INTRODUCTION 

Active galactic nuclei (AGN) surveys are typically 
dominated by two selection effects: (1) dilution by 
starlight from the host galaxy and (2) obscuration by 
dust and gas in the host galaxy and/or the AGN itself 
(see Hewett & Foltz 1994 and Mushotzky 2004). These 
factors previously kept an unbiased AGN sample from 
reach. However, with the capabilities of SWIFT's Burst 
Alert Telescope (BAT), this has changed. The BAT sur- 
veys the sky in the hard X-ray range of 14-195 keV. As of 
early 2006, BAT detected ^150 AGN with a median red - 
shift of 0.03 (jMarkwardt et aLll2005l: iTueller et a/.ll2007[ ). 
These AGN were selected purely by their hard X-ray 
flux, and thus, all but the most heavily absorbed sources 
{riH > 3 X 10^^ cm~^) are not affected by obscuration 
from gas and dust, which prevents them from being eas- 
ily detected in UV, optical, or soft band X-ray surveys. 
Thus, the BAT survey will provide the information to de- 
rive the true distribution of AGN characteristics across 
the entire electromagnetic spectrum. 

The BAT detection limit is a few xlO~^^ ergs~^ cm"'^. 
Thus, the BAT AGNs are powerful sources, with X- 
ray luminosities over the full range of AGN luminosi- 
ties. For the closest Seyfert galaxies (zw 0.01), the BAT 
flux limit corresponds to a 14 - 195 keV luminosity of 
roughly 3 x lO'^^ergs"^ Most of the sources (w 97 %) 
have been optically detected as relatively bright nearby 
objects with < z >« 0.03, while most of the sources 
without bright opt ical counterparts ar e blazars, of which 
there are 15/153 (|Tueller et aLll2007[ ). Since the BAT 
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sources are mostly bright and nearby, they are good 
sources with which to study multi-wavelength properties. 

Despite the X-ray brightness of the BAT AGN, a num- 
ber of these sources had yet to be observed spectroscop- 
ically in the X-rays. We present an analysis of XMM- 
Newton EPIC spectra of 23 sources, 2 of which corre- 
spond to a pair of interacting galaxies where the BAT 
source is confused, i.e. likely a combination of the AGN, 
for which spectra were obtained through discretionary 
project scientist time. These sources had no previous X- 
ray spectrum, were clearly detected by the BAT, and had 
clear optical counterparts from Digital Sky Survey (DSS) 
images. Many of these sources now also have SWIFT 
X-ray Telescope (XRT) spectra available. Thus, we are 
able to compare the XRT spectra with the EPIC spectra. 
In Section 2, we detail the observations and data anal- 
ysis for the XMM-Newton and SWIFT observations. In 
Section 3, we describe spectral fits to the X-ray spectra, 
including a search for variability between the XRT and 
XMM-Newton observations. We summarize our findings 
in Section 4. 

2. OBSERVATIONS AND DATA ANALYSIS 

2.1. XMM-Newton and SWIFT XRT Spectra 

We obtained proprietary XMM-Newton observations 
of 22 out of 26 proposed BAT AGN sources through dis- 
cretionary project scientist time. These particular BAT 
AGNs were selected based on: their detection in BAT 
with high significance (cr > 5), a clear optical counter- 
part to the BAT source in Digital Sky Survey images, 
and no previous X-ray spectrum. A list of these sources, 
whose X-ray spectra were observed for the first time, is in 
Table [H Here we list the source name, co-ordinates, red- 
shift, Galactic column density towards the source, AGN 
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type, and host galaxy type. For one of the BAT sources, 
the "BAT source" is an interacting galaxy system with 
two AGNs, MCG +04-48-002 and NGC 6921. In addi- 
tion to the XMM-Newton observations, we downloaded 
archived SWIFT XRT observations (48) for the 23 AGNs 
from the NASA HEASARC archives. In Table [2] we in- 
clude details on the observations examined. 

We reduced the XMM-Newton data using the Science 
Analysis System (SAS) version 7.0. We created cali- 
brated photon event files for the EPIC-MOS and PN 
cameras using the observation data files (ODE) with the 
commands emchain and epchain. Following this, the 
events tables were filtered using the standard criteria out- 
hned in the XMM-Newton ABC Gmde^. For the MOS 
data (both MOSl and M0S2 cameras), good events con- 
stitute those with a pulse height in the range of 0.2 to 
12 keV and event patterns that are characterized as 0-12 
(single, double, triple, and quadruple pixel events). For 
the PN camera, only patterns of 0-4 (single and double 
pixel events) are kept, with the energy range for the pulse 
height set between 0.2 and 15 keV. Bad pixels and events 
too close to the edges of the CCD chips were rejected us- 
ing the stringent selection expression "FLAG == 0" . 

Light curves of the observations were produced with 
xmmselect and examined for flaring events (distin- 
guished by high count rates) . Time filtering was required 
only for the sources SWIFT J0641. 3+3257, SWIFT 
J0911.2+4533, MCG +04-22-042, MRK 417, WKK 1263, 
and NGC 6921/MCG +04-48-002 (the interacting sys- 
tem). The light curves were filtered using the task 
tabgtigen, as outlined in the SAS ABC guide, with 
the parameters 'RATE< 50' counts/s for the PN and 
'RATE< 10' counts/s for MOS observations. 

Spectra of the sources were extracted using the SAS 
task especget. This routine extracts source and back- 
ground spectra from a defined region as well as re- 
sponse and ancillary response matrices. We extracted 
the source spectra from circular regions with radii be- 
tween « 30 — 125". The extraction radius depended 
upon the location of the source with respect to other 
sources and the edge of a CCD chip. Background re- 
gions were extracted from annular regions surrounding 
the source, where possible. In cases were the source was 
near the edge of a chip or another source, circular regions 
near the source were used, of the same size as the source 
region and on the same chip. 

Of the 22 target observations, there were a few cases 
where the position of the source fell within a gap 
in the CCD chip (for either the PN or a MOS de- 
tector). This occurred for the MOSl observation of 
SWIFT J0641 .3+3257 and the PN observation of SWIFT 
J091 1.2+4533. Thus, there are no corresponding spectra 
from these CCDs. Also, the position of source SWIFT 
J0904. 3+5538 was located such that a large fraction of 
the light (66%) was located in a gap in the PN CCD. 
Due to a problem with the ODE files for NGC 6860, the 
PN observation of this source could not be extracted. 

For the XRT data, we extracted spectra of target 
sources from the cleaned photon counting event files 
downloaded from the public High Energy Astrophysics 
Science Archive Research Center (HEASARC) archive. 
We extracted spectra for observations that had XRT ex- 

^ |http : //heasarc ■ gsf c . nasa . gov/docs/xnmi/abc/ 1 



posure times of at least 1000 s, following the instructions 
outlined in The SWIFT XRT Data Reduction Guide^. 
Spectra were extracted for the sources using the FTOOL 
XSELECT. With this tool, a source region was created in 
DS9, with a radius of « 50 - 70". A background region 
was created in a source free region close to the source, 
with a radius of 95 ". We used the standard response and 
ancillary response files available for the photon counting 
event files with grades to 12. These are publicly avail- 
able in the SWIFT XRT cahbration database (CALDB). 

For all of the spectra, we binned the source and back- 
ground spectrum and response files for each observation 
with the FTOOL grppha. All spectra were binned with 
20counts/bin. We then fit the spectra in the 0.3-lOkeV 
range with XSPEC version 11. The details of these fits 
are described in the following section. 

2.2. SWIFT BAT Spectra 

BAT is a wide field (« 2 steradians) coded aperture 
hard X-ray instrument. During normal operations, it 
usually covers ~ 60% of the sky each day at < 20 mil- 
liCrab sensitivity. The BAT spectra were derived from 
an independent all sky mosaic map in each energy bin, 
averaged over 22 months of data, beginning on Dec 5 
2004 (Tueller in preparation). The survey was processed 
using the BAT Ftools and additional software to make 
mosaic maps that will be released soon. The energy bin 
edges are 14, 20, 24, 35, 50, 75, 100, 150, 195 keV. The 
energies are calibrated in-flight for each detector using an 
on-board electronic pulser and the 59.5 keV gamma and 
La L and M lines from a tagged 24lAm source. The av- 
erage count rate in the map bin that corresponds to the 
known position of the counterpart was used. Due to the 
the strong correlation of the signal in adjacent map bins 
of the oversampled coded aperture image, it is not neces- 
sary to perform a fit to the PSE. Each rate was normal- 
ized to the Crab nebula rate using an assumed spectra 
of 10.4 X phcm~2 s~^ keV~^ for the BAT energy 

range. Due to the large number of different pointings 
that contribute to any position in the map, this is a good 
approximation of the response. This has been verified by 
fitting sources with known spectra (Cas-A compared to 
BeppoSax and Integral, PSR1509-589 compared to In- 
tegral, NGC2110 and Cen-A compared to Suzaku) and 
generally produces a good connection to X-ray spectra in 
sources that do not vary much with time. Error estimates 
were derived directly from the mosaic images using the 
RMS image noise in a region around the source of roughly 
3 degrees in radius. This is the optimum procedure due 
to the residual systematic errors of 1.2 to 1.8 times sta- 
tistical values in the current BAT mosaics. Analysis of 
the noise in the images suggests that the variations in 
noise are small on this scale. Analysis of negative fluctu- 
ations shows that the noise is very will fit by a Gaussian 
distribution and that this normalization is very accurate 
on average. All fitting of the BAT data was performed 
on this normalized data using a diagonal instrument re- 
sponse matrix. This procedure correctly accounts for 
instrumental systematics in sources with spectral indices 
similar to the Crab. While there may be significant sys- 
tematic errors for sources with spectra that are much 
flatter than the Crab, this is not a significant problem 

^ |http: //heasarc .nasa. gov/docs/swlf t/analysls/xrt_s«guide_vl_2 .pdf I 



3 



for any of the sources presented in this paper. 

3. SPECTRAL FITTING 

In examining the X-ray spectra of these BAT AGNs, 
there are two main goals: to determine how the sources 
vary between observations and to determine the spectral 
properties of the source (the hydrogen column density, 
spectral shape, and properties of the Fe K line and/or 
other lines if present). Since the extracted XMM-Newton 
spectra have, on average, ten times the number of counts 
from the XRT spectra, we will focus on the XMM-Newton 
spectra for a more detailed analysis. The effective spec- 
tral resolution for the XRT is lower, since there are fewer 
counts and at 20cts per bin even fewer counts remain, 
such that Fe K lines which are clearly visible in 10 ks 
XMM-Newton observations are not resolved in compa- 
rable XRT observations (see Figure [T]). Thus, in order 
to examine the variability between the XRT and XMM- 
Newton observations we need to rely on simple models 
for the AGN spectra. 

As a first fit to the spectra and as a means to com- 
pare variability between XRT and XMM-Newton obser- 
vations, we fit each observation separately with a sim- 
ple absorbed power law (absorption model * pow). In 
XSPEC, we used the absorption model tbabs to ac- 
count for cold absorption in the Milky Way. Thus, 
we fixed the tbabs mode l hydrogen absorption to the 
iDickev fc LockmanI ()1990D value (see Table [J). We al- 
lowed the parameter of a second tbabs model to float in 
order to account for the combination of absorption from 
the AGN host galaxy and local environment. 

To apply this model to the XMM-Newton EPIC ob- 
servations, we simultaneously fit the PN and MOS ob- 
servations, using a constant value to account for differ- 
ences in flux calibration. The best-fit spectral parameters 
for these observations are recorded in Table IH includ- 
ing the observed flux values at soft (0.3-2 keV) and hard 
(2-10 keV) energies. We include the best-fit spectral pa- 
rameters for the XRT observations in Table[3l All quoted 
errors represent the 90% confidence level. We excluded 
from our spectral fits any observation with < 50 counts. 
Also, we note that this simple power law model is a very 
poor fit to the XMM-Newton spectra of NGC 612, NGC 
1142, ESQ 362-G018, MRK 417, ESQ 506-G027, and 
MCG -(-04-48-002. For each of these five sources the re- 
duced value indicate that the simple power law fit was 
not a good description of the data. Thus, no errors were 
calculated for the spectral parameters. We will discuss 
the spectra of these sources and more acceptable models 
below. 

3.1. Detailed Spectral Properties 

From our initial examination of the spectra, we found 
that simple power law models (see Table |4]) were not suf- 
ficient in describing the spectra of all of our sources. In 
particular, there are three main features that were not 
accounted for by a simple absorbed power law: a soft ex- 
cess, line emission, and additional complexity from emis- 
sion with varying column densities. A "soft excess" in an 
AGN may be the result of thermal emission (for instance, 
from star formation ), low temper ature Comptonization, 
blurred reflection (Czerny et al. 2003; Ross & Fabian 
120051 ). or blurred absorption (Gierlihski fc Done ,2004 ). 
Line emission can be produced by a number of mech- 



anisms, in particular from fluorescent, photo-ionized or 
coUisionally ionized gas. Most importantly for AGN, is 
fluorescence from lowly ionized iron, with the strongest 
feature being the Fe K line at 6.4 keV. The final type 
of "feature" , a complex spectrum with different column 
densities, is difficult to interpret. Such spectra, which 
appear to have a "double power law" shape, could be 
the result of contamination of the AGN light by a less 
absorbed X-ray binary spectrum, a dusty environment 
where the AGN emission is partially covered by absorb- 
ing material, or scattering of some of the AGN light. 

In order to better characterize our sources, we first 
grouped our sources in basic categories: (1) pure power 
law sources (with or without absorption beyond the 
Galactic Milky Way values), (2) power law sources with 
a soft excess (with or without absorption), and (3) more 
complex "double power law" shaped spectra. Based on 
the F-test, any additional components added to our spec- 
tral models improved the fit by a of at least 8 (this is 
the 99% level for 2 additional degrees of freedom). The 
only exception is the addition of a gaussian line (zgauss 
in XSPEC) to characterize the Fe K-a line at 6.4 keV. 
Where the addition of the line was not significant, we 
derived upper limits on the strength and intensity (indi- 
cated by the normalization which is the integrated pho- 
ton flux of the line) of a possible emission line. Therefore, 
for all of our sources, we fixed the energy of a gaussian 
line to 6.4 keV in the source's rest frame with a fixed 
width (FWHM) of 0.01 keV, corresponding to an unre- 
solved line. 

3.1.1. Simple Power Law Sources 

A total of five of our sources (5/22) had XMM-Newton 
spectra best-fit by simple power law models. None of 
these sources showed evidence of a strong Fe K line. We 
record the equivalent width and normalization value for 
these lines in Table [5] Since the rcdshift for the source 
SWIFT J0216.3-F5128 is unknown and there is no evi- 
dence for a strong line, we exclude this source from the 
analysis. We attempted to obtain an optical spectrum for 
this source as part of our BAT AGN follow-up program 
with the 2.1-m telescope at Kitt Peak National Observa- 
tory (Winter et al. in preparation). We found, however, 
that the probable Digital Sky Survey optical counter- 
part within the BAT and XMM-Newton error circles was 
a star. Likely, the true optical counterpart of this source 
is faint and below the DSS detection limit. Based on 
the lack of a bright optical counterpart and the feature- 
less X-ray power law spectrum, this source is probably a 
blazar. 

3.1.2. Soft Excesses 

Four sources (4/22) had XMM-Newton spectra best 
represented by a power law with a soft excess. Since 
the spectra do not have the counts necessary to distin- 
guish between a reflection or absorption model, we used 
a simple blackbody (bbody in XSPEC) model to charac- 
terize this component. The best-fit spectral parameters 
are shown in Table [HI The soft excess is significant for 
all of these sources with Ax^ values, between the simple 
power law and the power law with a blackbody model, 
from « 220 — 1400. As with the pure power law sources, 
we fit an Fe K line at 6.4 keV with a Gaussian. The 
results are recorded in Table [6] 
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3.1.3. Warm Absorbers 

In our models for AGN spectra, we assume that the ab- 
sorption along the line of sight is cold, neutral hydrogen 
(with the tbabs model). However, signatures of warm, 
optically-thin absorption from photo-ionized gas, have 
been detected in half of an ASCA Seyfert 1 AGN sam- 
ple studied by Reynolds (1997) and 1 3/18 of the ASCA 
Seyfert 1 AGN sample of I George et al\ (|l998f) . The main 
signatures of a warm absorber are the O VII and O VIII 
K edges at 0.74 keV and 0.87 keV. Since warm absorbers 
are seen in such a large fraction of ASCA observations of 
Seyfert 1 sources and our data are of high enough qual- 
ity to distinguish the warm absorber signatures, or at 
least constrain upper limits, we looked for these signa- 
tures among the sources with a high number of counts be- 
low 2 keV (with the exception of possible blazar SWIFT 
J0216.3-t-5128). 

Following Rcvnoldj (|1997[ ). we added two edge models 
(zedge in XSPEC) to account for the O VII and O VIII 
K edges. We fixed the edge at the energies of these warm 
absorber signatures (0.74keV and 0.87keV), allowing the 
optical depth to vary. In Table [71 we record the errors 
on op tical depth and the change in ■ In the iRevnold^ 
(|1997[ ) sample, optical depths for clearly detected edges 
ranged from « 0.10 — 1.5. From our spectral fitting, half 
of the sources have upper limits of t < 0.10 for O VII 
and 7/8 have upper limits of r < 0.10 for O VIII. In fact, 
the only source with a clear detection of both edges is 
ESQ 490-G026. Clearly, much less than half of our low 
absorption/simple X-ray model sources show evidence of 
warm absorbing material in their spectra. We will discuss 
our results further in the Discussion section. 

3.1.4. Complex X-ray spectra sources 

The remaining 13 BAT sources (~ 1/2) had spectra 
we classified a.s "dou ble power law" spectra, similar to 
[Turner et al\ ()1997af ). Earlier, we mentioned three sce- 
narios that could create this type of a spectrum. Based 
on these three possibilities (viewing another source(s) 
such as X-ray binaries/diffuse galactic emission along 
with the absorbed AGN, cold gas partially covering the 
AGN light, and scattering of the AGN light from regions 
of different column densities) we decided to fit the spectra 
of these sources with the partial covering model, pcf abs 
in XSPEC. The partial covering model (see: Holt et all 
fl980f )) has two parameters: the hydrogen column den- 
sity and the covering fraction. In addition to describing 
a partial absorber spectrum, this model is also useful for 
describing a spectrum where AGN light has been scat- 
tered, where the power law index of the direct, heav- 
ily absorbed spectrum is the same as that of the scat- 
tered component (which is not heavily absorbed). This 
model, to summarize, allows for fiexibility in the soft 
spectrum which can fit all of the three physical origins 
mentioned for a complex spectrum (assuming the X-ray 
binary/diffuse emission has the same power law slope as 
the AGN emission, which is not expected). Thus, we fit 
the spectra of the remaining 13 sources with the model 
tbabs*pcf abs*(pow -I- zgauss) (Table[5]). 

As we noted, the partial covering model gives an equiv- 
alent result to a model with a power law modified by 
different amounts of absorption and two fiux normal- 
izations. We also wanted to test whether the power 



law spectral indices for these two components are the 
same or vary. To this end, we fit the sources with 
the model tbabs*(tbabs*pow-|- tbabs*(pow -I- zgauss)). 
This model allows the power law indices, normalizations, 
and column densities to vary for two separate power 
laws. The results do not differ significantly for half of the 
sources between the partial covering model (Table [51) and 
the separate power laws model (Table [9l), with Ax^ < 8. 
Each of these seven sources (excluding MCG -1-04-48-002) 
show a ratio of the low absorption power law to the more 
highly absorbed power law fiux (Nr^/Nra) less than 0.14 
with an average value of 0.03. These results could be con- 
sistent with any of the three possible physical models, 
where the portion of scattered light or additional non- 
AGN emission or unabsorbed AGN light is very small. 
This is true of all of the sources, with the exception of 
ESQ 362-G018 and NGC 6860, whose spectra are more 
complicated. 

For the BAT source corresponding to the interacting 
system (NGC 6921 and MCG -1-04-48-002), both sources 
are clearly absorbed. For MCG -1-04-48-002, the ab- 
sorbed power law component in the double power law 
model was not well constrained due to the weak con- 
tribution from the low absorption power law compo- 
nent. This source was much weaker than NGC 6921 
in the XMM-Newton observation, by an order of mag- 
nitude. Thus, throughout the remainder of the paper we 
will distinguish NGC 6921 as "the BAT source". This 
will not change any results, since both sources are ab- 
sorbed sources with similar spectral results. We added 
MCG -1-04-48-002 to the spectral fits because, though it 
is clearly the weaker source in the XMM observations, it 
is brighter than NGC 6921 in the XRT observations. Fur- 
ther, in recently obtained Suzaku observations, which we 
are currently analyzing, we found that MCG -1-04-48-002 
was the brighter source. These findings and a detailed 
analysis will be discussed in a future paper. 

Based on reduced x^, three of the "double power law" 
sources (NGC 1142, ESQ 362-G018, and ESQ 506-G027) 
require additional/alternative models. For NGC 1142, 
a soft excess is clearly present (see Figure [JJ. The 
addition of a blackbody component with a tempera- 
ture kT= 0.123keV improved the separate power laws 
fit (Table [9l), yielding an acceptable fit with x^/Aoi of 
217.13/191. We note that this blackbody temperature, 
kT== 0.123keV, is similar to the values seen in Table [6l 
for the sources fit with simple blackbody and power law 
models. The spectrum of ESQ 362-G018, however, is still 
even more complicated. This spectrum appears to have 
well defined lines, particularly a strong line measured 
with an energy of 0.56keV, which is consistent with O VII 
and improves the separate power laws fit by Ax^ = 50. 
However, the power law spectral index for this source is 
still extrem ely fiat (F = 0.67) where the typical value for 
F is « 1.80 (|Mushotzkvlll982l ). This is also true of NGC 
612, MRK 417, ESQ 506-G027, and NGC 6860. 

Flat power law indices have been noted, in addition to 
high column densities {nn > lO^^cm"^) and strong Fe 
K lines (EW greater than a fe w hundred eV), as indi- 
cator s of Compton-thick AGN ([Matt. Brandt, fc FabianI 
[T996h . For NGC 612, MRK 417, and ESQ 506-G027, 
all of these factors are met. However, even though ESQ 
362-G018 has a strong Fe K line and a flat spectrum, the 
fitted column density is only 6.3 x 10^^ cm^^. The spec- 
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trum of NGC 6860 is even odder, with both power law 
components (see Table El) having a flat slope with very 
low hydrogen column densities (n^f < 10^^ cm~^) and no 
strong Fe K line. 

Though high column densities are possible indicators 
of Compton-thick sources, it is also possible for the X-ray 
spectrum of a Compton-thick source to have a lower mea- 
sured column density. Such a mod el, as was proposed for 
the Se yfert 1 source MRK 231 bv lMalonev fc Revnoldi 
(|2000f) . could be applicable for ESQ 362-G018 and NGC 
6860. In this model, the central power law source is 
blocked by Compton-thick material. The resulting re- 
flection component is then scattered and absorbed else- 
where, outside the Compton-thick region. As a result, 
the measured X-ray column density is from this second 
absorbing region. Therefore, we include ESO 362-G018 
and NGC 6860 in our list of Compton-thick candidates, 
despite their low column densities. 

For our Compton-thick candidates, the sources with 
flat power law indices (ESO 362-G018, NGC 6860, NGC 
612, MRK 417, and ESO 506-G027), we simultaneously 
fit the 8-channel BAT spectrum along with the XMM- 
Newton spectra, allowing a constant factor to vary for 
the BAT data, as we did for the MOS spectra. In- 
creasing the energy range to 195 keV allows for better 
constraints on the power law component at high en- 
ergies. Also, since a Compton-thick source spectrum 
should be a heavily reflected spectrum, it is extremely 
important to have higher energy data to determine the 
cutoff energy of the power law. This is evident consid- 
ering that the reflectio n spec trum (pexrav in XSPEC 
(jMagdziarz fc Zdziarskilll995f )) depends upon the cutoff 
energy of a power law, in addition to iron abundance, 
reflection factor, and geometry of the system. When we 
use this model, we fixed the iron abundance to the so- 
lar value and the inclination angle of the system to the 
default (60°). 

We note that in using the BAT spectra we are assuming 
that the individual 14 - 195 keV spectra do not vary over 
the period of 22 months used to create the BAT spec- 
trum. Future AGN observations with Suzaku, which can 
obtain simultaneous spectra from 0.3-200 keV, will allow 
us to test the accuracy of this assumption. To this end, 
we have obtained and are processing the Suzaku spec- 
trum for one of our Compton-thick candidates, MRK 
417. A paper is in preparation. 

/. LOW COLUMN DENSITY COMPTON-THICK 
CANDIDATES 

ESO 362-G018— The X-ray spectrum of ESO 362-G018 
was not well-fit by either the partial covering or double 
power law model. While the double power law model 
provided the best fit, with a reduced value of 1.35, 
this is not satisfactory. In the residuals from the fit, at 
least two emission line features were present. Adding 
gaussians for these lines, the fit improved by A^^ = 72. 
The energies of these lines (0.56 keV and 0.90 keV) , which 
have fluxes on the order of the Fe K line flux, correspond 
to helium-like oxygen and possibly helium-like neon lines. 

The flat power law and strong Fe K line suggest a 
reflection spectrum. Simultaneously fitting the XMM- 
Newton spectra with the BAT spectrum, we replaced 
the heavily absorbed power law model with a reflection 
model (pexrav). This model is an acceptable fit to the 



data with a reduced of 1.14. However, though the 
reflected power law component is more typical of AGN 
(r = 1.99^027); the column density is extremely low 
for a Compton-thick source (n/f = 6.2^2 6 x 10^^ cm^^). 
As mentioned earlier, the observed low column density 
could be the result of scattering of the reflection spec- 
trum through a second absorbing region of lower column 
density. The details of this fit are listed in Table [TUl along 
with the other Compton-thick candidates. 

From the HST obse r vation of this source, 
iDeo. Crenshaw, fc Kraerneil (|2006l ) describe the im- 
age as showing dusty lanes that are interspersed with 
star-forming regions. This complex environment could 
partially cover some of the X-ray emission as well as 
contribute line-emission from young stars. Similarly, 
ESO 362-G018 could be a very Compton-thick source 
whose flat, reflection-dominated s pectrum is scattered 
and v iewed through an absorber (jMalonev fc Reynolds! 
|2000[ ). From the « 10 ks XMM-Newton exposure, it is 
clear that the spectrum is complex. For a more accurate 
description of the source spectrum, a longer observation 
with higher signal-to-noise is necessary. 

NCC 6860 — From a literature search, we found that 
NGC 6860 is well studied in the optical and IR. 
iBennert et al\ (|2006l ) find optical emission line diagnos- 
tics of this source indicative of an intermediate state be- 
tween an AGN and starburst galaxy. Indeed, they state 
that the AGN dominates only in the inner 10" in the 
IR/optical. While it is unclear whether this is also true 
in the X-ray band, we necessarily extracted a spectrum 
from a much larger, 85" region. The Optical Monitor 
pipehne processed images (U, UVWl, UVM2) also con- 
firm the presence of star formation, where the nucleus is 
seen surrounded by a ring of star forming regions. From 
the evidence of the optical and IR observations, it is likely 
that the spectral form of NGC 6860 is composite, with 
both star burst/star formation and AGN contributions. 

From the double power law model, we found that resid- 
uals to the fit indicated a soft excess. Given the optical 
and IR evidence of star formation, we added an apec 
model to fit this excess. The apec model in XSPEC is 
a model for coUisionally-ionized diffuse gas. Since the 
quality of the XMM-Newton spectra is too low to dis- 
tinguish between coUisionally and photo-ionized gas, we 
used the simpler, coUisionally ionized model. As input 
parameters, the apec model requires a plasma tempera- 
ture, metal abundance, redshift, and normalization. We 
fixed the redshift to the source's value and set the abun- 
dance to the solar value. Adding this model, with a 
best-fit plasma temperature of kT= 0.14keV and nor- 
malization of 2 X 10"'*, improved the double power law 
fit by Ax^ = 6. Therefore, this is not significant at the 
90% level. One thing to note, however, is that the ad- 
dition of the apec model causes Fi, the low absorption 
power law component, to steepen from 0.47 to 3.60. The 
higher absorption power law model components, column 
density and power law index, do not change. 

Adding a reflection model to this fit (double power law 
with an apec model), improves the fit by Ax^ = 10. 
With this model, we could not constrain the reflection 
factor or folding energy. We then added the BAT data 
to the XMM-Newton spectra. Still, the reflection factor 
and folding energy were not constrained (they continued 
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to increase to unphysical values). We fixed these values 
to a folding energy of 100 keV and complete reflection. 
Though this model does not make physical sense, since 
a strong Fe K line is expected in a reflection dominated 
spectrum, it was clear from the fitting that a high reflec- 
tion factor is preferred statistically. This reflection dom- 
inated model obtains a good statistical fit to the data 
with Ti = 1.14 and T2 = 2.31 and x^/dof = 444.5/408 
(see Table ITU)) . However, we stress that since there is no 
strong Fe K line and the column density is low, we do 
not believe that this model is a good physical description 
of the data. 

For this source, we also fit the data with a double par- 
tial covering model (which could possibly be justified in 
a clumpy, dusty environment) and a model where we 
replaced the neutral absorption model, tbabs, with an 
ionized absorber, absori. Both models fit the data with 
similar values as the reflection model (reduced of 
1.02 and 1.08, respectively). Both models also cause the 
fitted power law indices to steepen to values typical of 
AGN sources. We conclude that the spectrum of this 
source is too complicated (see Figure [3]) to quantify with 
the data available. A better signal-to-noise spectrum is 
required to understand this source's X-ray spectrum. 

//. HIGH COLUMN DENSITY COMPTON-THICK 
CANDIDATES 

As mentioned, we simultaneously fit the BAT spec- 
tra with the XMM-Newton spectra for sources with flat 
power law indices. Our three additional Compton-thick 
candidate sources are NGC 612, MRK 417, and ESQ 
506-G027, aU with nj^ > 5 x lO^'^cm'^. For each of 
these sources, we replaced the heavily absorbed power 
law component in the double power law model (Table [9]) 
with the reflection model (pexrav). We record the ab- 
sorbed column density, power law index for the reflection 
component, cutoff energy (which was not constrained for 
ESO 506-G027), normalization factor for the BAT spec- 
trum, and goodness of fit in Table [TOl 

Allowing the BAT fiux normalization to vary by a con- 
stant multiplicative factor, we found that the values of 
the factors for NGC 612 and MRK 417 were very low (<< 
0.50). Examining the BAT spectra, there is clear curva- 
ture in the BAT energy spectrum of these two sources, 
which is not well fit by the pexrav model (see Figure |4]). 
This curvature is not seen in the other three Compton- 
thick candidate spectra (see Figure [3] for the spectrum 
of NGC 6860). Of particular note, the BAT spectrum 
of NGC 612 appears fiat (well- modeled by a power law 
index << 1.0). For MRK 417, fixing the BAT muhi- 
plicative factor to 1.0 (the same as the PN spectrum) 
leads to a worse fit to the data with x^/dof= 144.7/85. 
With this fit, the cutoff energy for the pexrav model be- 
comes unconstrained while the column density and power 
law index increase {nn — 3.4tQ g x 10^^ cm~^ and F = 
1-851q ;[2)- The same effect happens with the spectrum of 
NGC 612, where the best fit gives xVdof= 126.4/86 with 
UH = 8.2l°;^ X 10^3 cm^2 ^^^^ p ^ imtlH- ^ is Possi- 
ble that the curvature seen in the BAT spectrum is a real 
feature of the spectrum above lOkeV. However, simulta- 
neous observations for the 2 - lOkeV and 15 - 200 keV 
bands are needed to determine whether the BAT spectra 
correctly represent the very hard X-ray spectrum. We 



have already obtained Suzaku spectra for MRK 417 and 
are in the process of analyzing the data, which will be 
presented in an upcoming paper. 

3.2. Variability 

The main focus of our variability study is determin- 
ing how the sources vary between the XMM-Newton and 
XRT observations, on a timeframe of hours to months. 
However, with 10 ks XMM-Newton observations, we also 
looked for shorter variability by examining the light 
curves of our sources. To this end, we extracted light 
curves from the filtered PN (or MOSl where there was 
no PN data available) event files with the FTOOL XSE- 
LECT. We extracted light curves from the same regions 
used to extract spectra, binned by 100 s. We also ex- 
tracted a background light curve from a region of the 
same size on the same chip as the source. We excluded 
SWIFT J0911.2-h4533 from our analysis due to the low 
average count rate in the MOSl observation (the source 
is located in a gap in a chip for the PN observation), 
< O.lcts""'^, which is on the order of the count rate in 
the background spectrum. 

For the rem aining 21 sources, following the analysis of 
iNandra et al\ ([1997), we computed the normalized excess 
variance and values, for the assumption that the flux 
was constant, to quantify variability. We list these values 
as well as the average count rate in Table [TT] Within our 
sample, 8 sources were flagged as possibly variable during 
the XMM-Newton observation, with reduced x^ > 1.5, 
corresponding to a probability of < 1% of the count rates 
corresponding to constant count rates. For each of these 
8 sources, we examined both the source and background 
light curves. We found that for 5 of the sources the source 
and background light curves showed identical variability. 
For each of these sources, the ratio of average background 
count rates to average source count rates was relatively 
large, between 0.2 and 0.8cts~^. Thus, the background 
rates were significant compared to the source rates. The 
variability, also seen in the background light curve, was 
not intrinsic to the source for these sources. This was 
not the case for MRK 352, ESO 548-G081, and UGC 
6728. The variability for these bright, Seyfert 1 sources 
is measured source variability. 

In Figure [5l we include the light curves for each of 
the 3 sources with variability during the XMM-Newton 
observation. From the light curves, we estimated an 
average change in count rate/time, or A R/AT, where 
AR=R,„Q2;— Rmm and AT is the corresponding change 
in time. These values are 2.5 ct s"V2-4hr (MRK 352), 
2.8cts-V2.7hr (ESO 548-G081), and 2.4ct s^V0.8hr 
(UGC 6728). For both MRK 352 and ESO 548-GG81, 
these rates are minimums since the light curves are de- 
creasing/increasing monotonically. UGC 6728, however, 
shows a definite maximum and is thus the most rapidly 
variable source, with count rate changing appreciably 
over less than an hour. 

In order to compare variability between observations, 
on time scales of days to months, we compared the XRT 
and XMM-Newton spectral fits listed in Tables [3] and HI 
In Figure [51 we plotted the hard, 2 - lOkeV, (x) and 
soft, 0.5 - 2keV, (-I-) flux for multiple observations of 
our sources. We made the initial assumption that any 
intrinsic differences in flux between the instruments is 
less than 10%. From the figure, it is clear that varia- 
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tions greater than this level occurred for all of the 16 
sources with > 100 counts in the XRT spectra. Of these, 
the most extreme changes are seen for ESO 362-G018, 
where both the hard and soft flux drop by an order of 
magnitude between the last two observations. However, 
without error bars on the flux and with a simplified model 
that is not satisfactory for all the sources, particularly 
for the high column density/complex spectra, a simple 
comparison of the fluxes is only a starting point for our 
variability study. 

In addition to the flux, both the power law index 
and hydrogen column density introduce other sources 
of variation measured by the simple power law model. 
Changes in these parameters also affect the measured 
flux. Thus, we computed a statistic to quantify the flux 
variations between observations. To this end, we deter- 
mined the value {Fmax—Fmin)/Favg and the correspond- 
ing Atmax {\tmax-tm,in\ m days Or the change in time 
for the greatest difference in observed flux between two 
observations) for each source in both the hard and soft 
bands. These values are listed in Table [T^] and the dis- 
tributions of the values are plotted in Figure [T] From 
the histograms, there is no measured difference between 
the low column density sources (simple sources) and the 
high column density (complex sources). The values of 
(Pmax—Fmin)/Favg, howcvcr, are much smaller in the 
hard band than the soft. We note that the heavily ab- 
sorbed sources, with much lower count rates in the soft 
band, have much less accurate soft flux measurements 
as well as fewer sources with observations > 100 counts. 
For the low column density sources, we find an average 
(Fmaa;— Fmm)/Faiig valuc of 0.52 in the soft band and 
0.37 in the hard band. 

Based on the (Fmax-Frmn) /Favg values for our 
sources, our results indicate that the AGN spectra vary 
more in the soft band than the hard band. This claim 
was also mac le based on A S CA o bservations of Seyfert 
1 sources by iNandra et al\ (|1997( ). In addition to this 
result, we find that the hard flux variability for the low 
absorption and more complex sources is similar. Unfor- 
tunately, due to the lower number of counts in the XRT 
observations, we can only compare half of the complex 
sources to the complete sample of low column density 
sources. 

In Figure [51 we plot the variability measure 
(Pmax—T^min) /Favg vcrsus the chaugc in time between 
the observations of F^ax and Fmin, Atmax- From this 
plot, it is clear that, as already stated, the variability 
measurement (Fmax—Fmin)/Favg is smaller in the hard 
band than the soft band. However, there is no significant 
difference in Atmax for the total sample, with average 
values of 100.1 days for the soft band and 81 days for the 
hard band. 

As a next step in our analysis, we simultaneously fit the 
XMM-Newton FN spectrum with all of the correspond- 
ing XRT observations for the sources listed in Table fT2l 
We began by fixing all XRT fit parameters to the best-fit 
XMM-Newton FN power law (-1- gaussian where there is a 
strong line and blackbody where it was required) model. 
We accounted for absorption using the tbabs model for 
low column sources and the pcf abs model for the heav- 
ily absorbed/complex sources. We then allowed the flux 
to vary between these observations by adding a const 
model. Where the addition of this model significantly 



changed (^X^ > 10) we flagged the source as hav- 
ing a varying flux. We then tested variability in column 
density and power law photon index by allowing each 
of these parameters, along with their normalizations, to 
vary. Again, we noted significant changes in x^- 

In order to measure the amount each model parameter 
varied between observations, we obtained error measure- 
ments for uh, F, and the 0.3 - lOkeV flux. We used the 
XSFEC model pegpwrlw in place of the pow model. The 
pegpwrlw model is similar to the simple power law model, 
however, the parameters Emin and Emax are used to indi- 
cate the energy range for the power law component. The 
normalization is then the flux from the pegged power law 
in units of lO"'^^ ergs~^ cm~^. Since the normalization is 
a parameter in the model, errors are easily computed for 
the flux with the XSFEC command err. For all of the 
sources, we fixed Emin — 0.3 keV and Emax = 10.0 keV. 
We indicate variability based on our model fits in n//, F, 
and flux (from the pegpwrlw model) in Table [T2l Details 
on the model fitting for the individual variable sources 
are discussed in the appendix. 

For the sources with low column densities, nn < 
lO'^'^cm"^, and simple spectral shapes (Tables [5] and [6]), 
all had at least one XRT observation to compare with the 
XMM-Newton spectra. All of these sources showed some 
form of variability. As an example. Figure [9] shows the 
XRT and FN normalized observed and unfolded spec- 
tra with the best-fit model for MRK 352. This source 
showed more variability than any other low column den- 
sity source. For MRK 352, the XMM-Newton spec- 
trum, taken five months prior to the XRT observations, 
shows no absorption and is nearly double the flux level 
of the second XRT observation. In the XRT observa- 
tions, which are taken only a day apart, the flux changes 
by 40%. The column densities also change between 
these two observations, by approximately 30%, where 
the XRT columns are an order of magnitude higher than 
the XMM-Newton observation's measured column den- 
sity. The observations for the low column sources indi- 
cate variability in: flux for all of these sources (8), column 
density for half, and power law index for 3 sources. 

For the sources with hydrogen column densities higher 
than 10^3 cm-2 (Table [8]), five of the AGN had XRT ob- 
servations, all with less than 100 counts, while NGC 4992 
had no XRT observations. Of the remaining six sources, 
MRK 417, SWIFT J1200.8+0650, and ESO 506-G027 
did not vary, in that, allowing tih, the power law, and 
flux to vary yielded Ay^ < 10. Using the pegpwrlw 
model, the errors on the flux for each observation {XMM- 
Newton and XRT) were within range of the other obser- 
vations. For example, SWIFT J1200.8-I-0650 showed an 
unabsorbed flux from the power law component rang- 
ing from: 1.01 - 1.25 xlO"" ergs"! cm'^ (XMM), 1.01 
- 1.29 xlO-"ergs-icm-2 (XRT-1), and 1.04 - 1.50 
xlO~"ergs-icm-2 (XRT-2) with xVdof= 235.7/241 
for the tbabs*pcf abs*(pegpwrlw) model. 

The sources NGC 1142, SWIFT J0318. 7+6828, ESO 
362-G018, and NGC 6860 did show significant variabil- 
ity between the XMM-Newton and XRT observations (as 
detailed in the appendix). To summarize the variabil- 
ity, 3 showed no variability, 4 had variable fluxes, 2 had 
varying column densities, and 3 showed varying spectral 
indices. Given the complex shape of the spectra of ESO 
362-G018 and NGC 6860, we are uncertain of how to 
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interpret the variability. We simply noted the sources 
as varying under all of our criteria, but again note their 
complexity. 

ESO 362-G018 showed the most variability of the ob- 
jects in our study. We conclude this section with a discus- 
sion of this source's spectrum. In Figure fTOk. we plotted 
the observed spectra of this source. The shape of the 
spectra varied considerably below 2 keV for all observa- 
tions. In the hard band, the XRT observations show no 
evidence of the Fe K line which is so prominent in the FN 
spectrum. In Figure [TOb. we plot the unfolded spectra. 
Here the y-axis corresponds to E^f(E). In this plot, we 
can see that the XRT spectra (taken about 2 months be- 
fore the XMM-Newton observation) are much brighter. 
If the Fe K line remained at the same flux level, it would 
be completely dominated by the power law component. 
This is one possible explanation for the disappearance of 
the Fe K line. 

To summarize our findings, few sources (3/21) varied 
appreciably on the « 3 hr time scale of the XMM-Newton 
observations. Those sources that did vary were bright. 
X-ray sources with spectra well-fit by simple power law 
models. From a comparison of the XRT and XMM- 
Newton spectra, taken a day through months apart, it is 
clear that most of the sources vary on longer time scales. 
In the extreme case of ESO 362-G018, the source varies 
drastically in flux, column density, and overall shape in 
two months time. All of the low column density sources 
varied in flux, while half showed evidence for varying 
column densities. Unfortunately, given the lower count 
rates in comparable exposure times, we have less data 
on the high column density sources. From a comparison 
of the (Fmax-Frmn) /Favg distributions, they appear to 
vary similarly to low column sources. However, higher 
quality data is necessary to draw firm conclusions. 

4. DISCUSSION 

In this study, we examined the X-ray properties of 
a sub-sample of BAT detected AGN from the 9-month 
BAT catalog. These sources, selected based on their 14- 
195 keV flux, probable optical identifications with the 
Digital Sky Survey and 2MASS, and their lack of an 
archival X-ray spectrum, are probably representative of 
the whole 9-month sample. Having a bright DSS or 
2MASS counterpart does not impart a significant selec- 
tion effect, considering that aU but 20 of the BAT AGN 
9-month sample fit this criteria. The 20 sources with- 
out a bright optical/IR counterpart are mostly blazars, 
of which there are only 15 in the 9-month catalog. Since 
blazars are less than 10% of the sample, we decided to 
focus on the majorit y, non-blazar sources. For the BAT 
AGN sample, Ifueller oil (|2007i) fist 2MASS mag- 
nitudes for the sources with available values from NED. 
The average value for the BAT sample is 11.47 with a 
variance of 4.04. Our sub-sample is slightly dimmer, with 
an average magnitude of 12.10 and a variance of 1.80, but 
well within the distribution of BAT AGN magnitudes. 

The column density distribution of our sub-sample, 
shown in Figure IIH is representative of the larger sam- 
ple. In the plot of hydro gen column density v ersus 14- 
195 keV flux (values from iTueller et al\ (|2007t )). our 22 
XMM-Newton follow-up sources span the range of hy- 
drogen column densities. Roughly half of the sources 
have low column densities {nn < lO^'^cm"^), while half 



are more heavily absorbed. We flnd the same ratio of 
absorbed to non-absorbed sources in our XMM-Newton 
follow-up sample. While the low absorption sources in 
our sample span the lower range of hard X-ray fluxes 
(from BAT) , this is expected, since the sources were not 
previously studied in the X-ray regime. For the absorbed 
sources, however, we find that our sample spans the full 
range of BAT X-ray fluxes. 

Given that our sample of sources is a representative 
sample of the 9-month BAT catalog, it is worthwhile to 
discuss the general properties of our sources. To begin, 
the optical host galaxy classiflcations of our sources are 
listed in Table [1] Examining the host galaxy classiflca- 
tions, 17/22 of the hosts are classifled as spirals or pe- 
culiar spirals . This result is interesting, considering that 
iGrogin et al\ ([2005) found the hosts of X-ray selected, z 
« 0.4 — 1.3, Chandra Deep Field sources to be dominated 
by ellipticals. If the BAT AGN hosts are predominately 
spirals, as our sample suggests, this could imply an evolu- 
tionary effect in AGN host galaxies between the zw 0.03 
and z « 0.4 — 1.3 universe. 

From our detailed X-ray spectral fits, we found that 9 
of the 22 sources had column densities below 10^^ cm~^ 
and spectra well-fit by simple power law or power law 
with a soft excess models. Nearly half of these sources 
showed evidence of having a soft excess. Optically, all of 
these sources except for SWIFT J0216.3-I-5128 and WKK 
1263 are Seyfert 1 - 1.2 sources. As discussed in the 
detailed spectral fitting section, SWIFT J0216.3-t-5128 
is most likely a blazar. Though, WKK 1263 is identified 
as a Seyfert 2 in NED, no optical spectrum is available 
in the literature to confirm this. It is possible that this 
source was simply misclassified. 

The remaining sources in our study had more complex 
X-ray spectra. For most of these sources, half of the 
sample, an absorbed power law component model fit is 
unacceptable. This was particularly true for ESO 362- 
G018 and NGC 6860. The column densities and power 
law indices computed from the simple model, for these 
sources, are drastically different than values from more 
complex models. Both of these sources, optically Sy 1.5, 
had optical images indicating dust clouds interspersed 
with star formation. Likely, the complex environment 
contributed to the complexity seen in the X-ray obser- 
vation. However, without higher signal-to-noise obser- 
vations we were unable to resolve the complex spectral 
components. These results illustrate the danger of using 
low quality data/simple models to determine the prop- 
erties of complex sources. 

The remaining 11 sources, half of the sample, had col- 
umn densities clearly above lO^^cm"^. We classified 
the observed spectra of these sou rces as having a "dou- 
ble power law" shape, similar to iTurner et aZ.I (fT997a) . 
Optically, these sources are Seyfert 2s. The excep- 
tions are NGC 612, a weak-lined, giant radio galaxy, 
and NGC 4992, which have "galaxy" spectra or op- 
tical spectra showing no emission lines indicative of 
AGN emission. NGC 612 was specifically classified as 
a "non- LINER" , e.g. having non-A GN line ratios, by 
iLewis. Eracleous. fc Sambrunal (|2003f ). while NGC 4992 
is an INTEGRAL source whose optical spectrum led 
iMasetti et al. (2006) to classify the source as an X-ray 
bright, optically normal galaxy. Considering the X-ray 
column densities for these sources, the optical AGN emis- 
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sion could be hidden or obscured by the high column of 
gas, HH > 5 X 10^"^ cm^^, in the line of sight. 

For all of the complex X-ray spectra sources, we fit 
the spectra with (1) a partial covering absorption model 
and (2) a double power law model, where each power law 
component had a separate absorption model. Most of the 
sources showed no significant difference in between 
these two models. This makes it impossible to determine 
whether the soft flux is the result of scattering of the 
AGN light, partial covering of the AGN light, or other X- 
ray sources (such as X-ray binaries or diffuse galaxy emis- 
sion) contaminating the AGN spectrum. Particularly for 
sources, such as NGC 612, with low 0.5 - 2keV fluxes, 
e.g., Fo.5_2fceV = 2 X lO^^^ergs^^ cm^^ corresponding 
to a luminosity, Lo.5_2fceV ~ 4 x lO'^^ergs^^, within the 
observed range of Galactic X-ray binaries, since the X- 
ray luminosity function extends to w 3 x lO^^ergs^^ 
(|Grimm. Gilfanov. fc Sun"^^[200l . 

For sources with flat spectra (low photon index, F), 
we fit the spectra with a Compton thick model (a re- 
flection dominated model, pexrav). We added the BAT 
spectra to the XMM-Newton data in order to extend the 
energy range to 200 keV. In addition to providing an ad- 
equate fit to the data, replacing the heavily absorbed 
power law component with a reflection model resulted 
in higher spectral slopes more consistent with average 
AGN photon indices (where the BAT spectra were not 
curved, see Table [TU|). Based on the detailed model fits, 
NGC 612, ESQ 362-G018, MRK 417, ESQ 506-G027, 
and NGC 6860, are classified as Compton-thick candi- 
dates. Two of these sources, ESQ 362-G018 and NGC 
6860, have measured column densities nn << 10^^ cm~^. 
While a column density this low is not expected from re- 
flection in a Compton-thick region, an alternate model 
where the reflection component is scattered and then ab- 
sorbed outside of the Compton-thick region, such as em- 
ployed for MRK 231 pZalonev fc Reynolds! 1200011 . could 
explain the spectra. 

In addition to the Compton-thick candidates, four of 
the complex spectra sources had high partial covering 
fractions (> 0.99) with the partial covering model and 
very low ratios of the unabsorbed power law to the ab- 
sorbed power law component (Nri/Npa < 0.02) with 
the double power law model. Thus, emission from the 
sources SWIFT J0641. 3-^3257, SWIFT J0911. 2-^4533, 
SWIFT J1200.8-)-0650, and NGC 4992, was extremely 
low in the soft band (0.5 - 2keV) compared to the hard 
band (2 - lOkeV). These sources are consi stent with 
the new class pr oposed bvlUeda et al\ ()2007D of hidden 
or buried AGN. lUeda et al\ (|2007D predict that these 
sources should have lower [O III] luminosities than typ- 
ical Seyfert 2 sources. Archival optical spectra of NGC 
4992 show very weak [O III], in fact, so much so that, as 
discussed above, the spectrum of this source appears as 
a typical galaxy. In our optical study (in preparation), 
we will explore this issue further. For now, it is impor- 
tant to note that more of these hidden sources exist. If 
our sample, showing 4/22 hidden AGN, is representative 
of the larger BAT sample, we expect that about l/5th 
of local AGN have these same properties, making them 
nearly undetectable in optical samples. 

Having classified the sources into categories, we now 
describe the general properties of our sample as a whole. 
To begin, in Figure [12] we plotted the column densities 



versus two dif ferent flux ratios (similar to a diagnostic in 
iMahzia et al\ (|2_007)). The column densities we used are 
listed in Tables [5l [51 and ^ where we used the column 
density of the more heavily absorbed power law compo- 
nent for the complex spectra. The flux ratios plotted are 
the ratios of F2_iofcey/Fi4-i95fceV (medium/hard) and 
Fo.5-2feeV'/F2-io/cey (soft /medium). In the plots, we 
represent the three classes of objects (simple power law 
or power law and blackbody fit sources with low columns 
(blue), complex heavily absorbed spectra (black), and 
complex spectra that require more complicated models 
(red)). We find that the low absorption sources have av- 
erage values of medium/hard and soft /medium flux of 
0.38 and 0.48, respectively. There is little change be- 
tween the medium/hard and soft/medium flux (w 20%) 
for the low absorption sources. The heavily absorbed 
sources, however, have average values of medium/hard 
and soft/medium flux of 0.08 and 0.02. This is a 75% 
change in the values. Obviously, there is much less soft 
flux for the absorbed sources. The complex sources with 
poorly deflned spectral models, have intermediate values 
of the medium/hard and soft/medium colors of 0.17 and 
0.11. 

In terms of use as a diagnostic, we find that the plot 
of column density versus ratio of F2-iokeV /Fu-ig^keV 
(medium/hard) is a good diagnostic of column den- 
sity, for uh < lO^^cm"^. Sources with similar column 
densities occupy areas close to the regions of constant 
power law index plotted (for F — 1.5 and 1.9). This is 
not true for the plot of column density versus ratio of 
Fo.5_2/cey/F2-iofcey (soft/medium). This appears to be 
a poor diagnostic, despite its wide spread use in deep X- 
ray surveys, with a large spread in the soft/medium color 
particularly seen in the sources with nn > 10^'^ cm^^. 
These results are not surprising, since the 2-10 keV flux 
is also affected by absorption. 

From these color diagrams, we decided to construct a 
color-color diagram of the soft /medium flux ratio versus 
the hard/medium flux ratio in attempts to construct a 
better diagnostic diagram for sources with too few counts 
to measure column density. In Figure 1131 we plot this 
diagram using the same symbols as in the previous di- 
agram to indicate low absorption (blue), complex (red), 
and more heavily absorbed (black) sources. In this fig- 
ure, it is clear that the different types of sources are 
clearly separated. The low absorption sources occupy 
the left hand upper corner, where the soft/medium and 
hard/medium colors are nearly equal. The heavily ab- 
sorbed sources are closer to the right bottom corner, 
where the hard/medium flux ratio is much higher than 
the soft/medium flux ratio. Between these values, the 
complex sources as well as a source from each of the 
other two categories, reside. All of these sources have 
measured column densities from 10^^ — 10^"^ cm~^, inter- 
mediary between the two classes. This result is very nice 
in that it provides a good diagnostic tool for observations 
with few counts, but requires data above 15keV. 

In addition to the flux and column density measure- 
ments, we have measured power law indices, blackbody 
components (where present), and Fe K equivalent widths 
(with the physical width of the line fixed to 0.01 keV at 
6.4 keV). From our sample, we found no correlation be- 
tween the hard band (2 - lOkeV) luminosity and power 
law indices. An important point to note is that the 
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measured power law index for the complex spectra de- 
pends very much on the model used. Comparing the re- 
sults of the partial covering model with the double power 
law model (Tables [8] and [9]), the average power law in- 
dex for the partial covering model is significantly higher 
(< r >= 1.74 compared to < r2 >= 1.36) with smaller 
associated error bars. For the remaining 9 sources, the 
sources with spectra modeled by absorbed simple power 
law or power law and blackbody models, < F 1.75, 
similar to the results from the partial covering model. 
The values for the simple model/low absorption sources 
and those from the partial covering model are consis- 
tent with average photon indices for AGN (« 1.8 from 
iMushotzkvl (flOSa) '!. 

Soft excesses, modeled with a blackbody component, 
were statistically significant in half of the spectra mod- 
eled by a simple power law model. We find a signifi- 
c antly smaller fracti on compared to the ROSAT sample 
of lCxallo et aO ([200l . who find soft excesses in all of their 
sources, and a significantly larger fraction c ompared to 
the L ockman Hole XMM-Newton survey fiMateos et al\ 
120051) . where only 11% of type 1 and 25% of type 2 
sources show a soft excess. Due to the low number 
of counts for our heavily absorbed sources, we can not 
quantify with certainty how many complex/heavily ab- 
sorbed sources have this component, but at least one 
source (NGC 1142) has a statistically significant soft ex- 
cess. For the low absorption sources, < kT >= 0.08 keV, 
which is similar to but slightly lower than that seen 
for PC sel ected QS Os (< ITpib >= 0.14 ± 0.02 keV) 
(jPorguet e t al. 200i iPiconcelh aLll2005l ). If the soft 
excess is the result of a thermal process, the lower kT 
values in our sample could be related to the lower lumi- 
nosities of our sample, compared to the PG QSOs. In 
fact, our average black body temperature is directly in 
the range of those found for type 1 AGN in the Lockman 
Hole sample, < kT >= 0.09 ± 0.01 keV (|Mateos et al\ 
I2OOI . 

The final spectral component measured for our entire 
sample is the Fe K equivalent width (EW) at 6.4 keV. In 
Figure [Ml we plot the Fe K EW versus the hard band 
(2 - lOkeV) luminosity. We fit a line with the ordinary 
least squares bisector method to the upper limits of the 
EW measurements (see plot), yielding a fit of log EW = 
(-0.697 ± 0.144) X \0gL2-wkev + (32.045 ± 6.164). The 
significance of this fit, indicated by = 0.22, where 
R^ is the coefficient of determination, is very low. Thus, 
our re sults show no indication of th e X-ray Baldwin or IT 
effect (jlwasawa fc Taniguchi|[T993[) , an anti-correlation of 
Fe K EW and hard band luminosity. 

For the low absorption/simple model sources, we mea- 
sured the significance of the O VII and O VIII K edges 
to search for evidence of a warm absorber (see Table [7]). 
All of the simple model sources, with the possible ex- 
ception of WKK 1263, are classified optically as Seyfert 
Is and thus can be directly compared with the iRevnold^ 
([1997) sample. In Figure fTSl we plot the values of opti- 
cal depth for each o f the edges versu s lj2-iQkeV for our 
sources as well as the lRevnoldsl ()19970 sources with lumi- 
nosities in the same range. As the figure shows, the opti- 
cal depths we found for our sources are much lower than 
those from the Reynolds sample. Only one source, ESO 
490-G026, had a clear detection (Ax^ = 25) with the 
optical depths of both edges having upper limits above 



0.10. Thus, where h a lf of t he Reynolds sample and 13/18 
of the I George et al\ (|1998D sample showed evidence of a 
warm absorber in the line of sight, we find only 1/8 of 
our Seyfert 1 sources to show significant evidence of a 
warm absorber. This result could be due to an incom- 
plete or biased sample of Seyfert 1 sources, since these 
were among the low absorption sources with the lowest 
BAT flux in the 9-month sample. Alternatively, our re- 
sult could be representative of the entire BAT sample. In 
this case, it is possible that the previous AGN samples 
showed more detections because they were from an opti- 
cally selected/soft X-ray selected sample. Thus, a possi- 
bility is that the emission that ionizes the gas, creates a 
region of warm, ionized gas, that also destroys dust. An 
optical or softer X-ray survey could preferentially select 
these sources, missing more obscured sources. Analy- 
sis of the remaining BAT sources will allow us to verify 
whether our result of few warm absorbers is consistent 
with the properties of the entire 9-month catalog. 

In addition to the spectral properties, we examined 
our sources for two types of variability: (1) during the 
XMM-Newton observations and (2) variability in spec- 
tral form and brightness between the XMM-Newton and 
XRT observations. For the first type of variability, we 
created binned light curves for each object in our sam- 
ple. We found that 3/21 sources showed significant vari- 
ability, with rates varying by 2.4 - 2.8 cts""'^ over time 
scales of 0.8 - 2.7 hr, in the PN observations. The 
sources that varied the most were all Seyfert 1 sources 
with low absorption and X-ray spectra well-fit by sim- 
ple power law or power law and a blackbody models. 
These sources were among the brightest in our sample. 
While only three sources showed short term variabil- 
ity, during the XMM-Newton observation which lasted 
w 10 ks, nearly all of the sources (13/16) exhibited vari- 
ability on longer time scales, of hours to months, from 
comparisons of the XMM-Newton and XRT observations. 
This result agrees with earlier studies which found AGN 
more variable on long time scales than short time scales 
(iBarr fc Mushotzkvlll98llNandra et g/.lll997l ). 

From our comparison of the XMM-Newton and XRT 
spectra, we found 13/16 sources had varying fluxes, 6/16 
had varying column densities, and 6/16 sources had vary- 
ing power law indices. Sources tended to vary more in 
the soft band than the hard band (see the Variability sec- 
tion). Unfortunately, due to lower count rates, measuring 
variability for the heavily absorbed sources was more un- 
certain, particularly in the soft band (0.5 - 2keV). In ad- 
dition, we had less XRT observations with > 100 counts 
for these sources. Based on the result that our sources 
varied more in the soft than hard band, it is likely that 
if we had more counts in the soft band for the heavily 
absorbed sources, as well as more observations for com- 
parison, our results would agree with other AGN vari- 
ability studies which found > 90% of their sources to 
vary over the time scale of mon ths to years (such a s the 
AGN from the Lockma n Hole dM ateos et ai."200 7D and 
Chan dra Deep Fields (Bauer et al. ,2003 : .Paohllo et al\ 
|2004[) studies). 

In Figure I16i we plot column density versus flux and 
photon index versus flux for the sources that vary. The 
plots show the observed parameter for each observa- 
tion/average parameter for the source, where the ob- 
served values for each source are plotted with a different 
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symbol. In the column density figure, there is clearly 
no correlation seen between t he column density and flux. 
Simila r results were found bv lRisaliti. Elvis, fc NicastTol 
(|2002f ) for a sample of Seyfert 2 galaxies, where they 
conclude that the variations in column density can not 
be caused by varying ionization states but by a clumpy 
absorber. In the plot of spectral indices, however, we do 
find a correlation between the spectral index and the flux. 
Therefore, we find that higher fluxes correspond to higher 
spectral indices. T his result has been seen fo r individual 
sources (jMushotzkv. Done, fc Poundi I1993D . Based on 
a vari ability study o f the AGN sources in the Lockman 
Hole, iMateos et al\ (|2007l ) find no correlation between 
spectral variability and flux variability. Further, they 
find flux variability much more prevalent in their sam- 
ple than spectral variability, finding spectral variability 
in only 14 ± 8% of Seyfert Is and 34 ± 14% of Seyfert 
2s. However, iMateos et al\ (|2007D note that the detec- 
tion of spectral variability is related to the quality of the 
spectrum. When they consider this factor, they predict 
a higher fraction of w 40% to exhibit spectral variability. 
We do not have a complete sample for Seyfert 2 sources, 
due to the low number of counts in the XRT observations 
for heavily absorbed sources. However, we find 7/8 clas- 
sified Seyfert 1 sources to exhibit a variation in either 
col umn density o r powe r law index, much higher than 
the IMateos et al\ ()2007t ) estimated value. Additionally, 
as we stated earlier, there is a clear correlation between 
changing flux and power law index for individual sources. 

For the Compton-thick sources, variability or a lack 
thereof, gives clues to the size and location of the 
Compton-thick gas. For our heavily obscured Compton- 
thick candidates, only MRK 417 had enough counts in 
an XRT observation (> 100 counts) to test for long term 
variability. We found no statistically significant evidence 
of variability for this source between the XMM-Newton 
and XRT observations, taken 6 months apart. This lack 
of variability in two observations does not give us much 
information. For the low absorption Compton-thick can- 
didates, however, we find a great deal of variability be- 
tween the XMM-Newton and XRT observations. In par- 
ticular, for NGC 6860, the flux and spectral index are 
higher in the XRT observations, while the column den- 
sity is lower. Since the XRT observation was taken 4 
months earlier, this puts a limit on the suggested change 
from Compton-thin to a reflection-dominated spectrum. 
Similarly, significant changes are seen between the XRT 
and XMM-Newton observations of ESQ 362-G018. In 
this source, the most significant change is the disappear- 
ance of the strong Fe K line seen in the XMM-Newton 
observation. A smaller time constraint is placed on this 
source, 2 months between the last XRT and the XMM- 
Newton observation, for a change from a Compton-thin 
to a reflection-dominated spectrum. 

Changes from Compton-thin to Compton-thick 
spectra have been noted b efore, particularly by 
iMatt. Guaninazzi. fc Maiolind ()2003[ ). They discuss 
two possible scenarios to explain the changes in 
spectra, a change in column d ensity of the absorber 
(|Risaliti. Elvis, fc NicastTol l2002f ) and a "switched-off" 
source, that is, a state where the emission from the 
central source drastically decreases below our detection 
threshold. For both ESQ 362-G018 and NGC 6860, 
Seyfert 1.5 sources embedded in dusty host galaxies, a 



changing absorber is a more appealing explanation. 
5. SUMMARY 

From our analysis of the XMM-Newton and XRT spec- 
tra of 22 BAT-selected AGN, the complexity of the spec- 
tra of a large fraction of nearby (< z >« 0.03) AGN 
is clear. Based on the range of X-ray colurnn den sities 
and BAT (14 - 195 keV) fluxes (jTueller aLll2007D . our 
sources are a representative sample of the 9-month BAT 
catalog. In analyzing their properties, we are present- 
ing for the flrst time the global X-ray properties of an 
unbiased, local AGN sample. 

Within our sample, we flnd half of the sources to 
have low absorption [nn < 10^^ cm~^) and spectra well- 
described by simple power law models. Half of these 
sources statistically show evidence of a soft excess. We 
tested these sources for the presence of a warm absorber, 
flnding only one statistically significant detection out of 
8 low absorption sourc e s. This is at odds wi th the stud- 
ies of iRevnoldd (|1997| ): iGeorge et all (|199 8') who found 
half or more of their samples consistent with warm ab- 
sorbers. If our result of few warm absorbers is found in 
the entire Seyfert 1 BAT AGN sample, the detection of 
a large number of warm absorbers is likely a selection 
effect of optical/soft X-ray AGN samples. 

The remaining 13 sources, which had too few soft 
counts to test for the presence of a warm absorber, have 
more complex spectra. Within the class of complex 
sources, we find five Compton-thick candidates (based 
on a fiat spectrum above 2keV), two of these sources 
with spectra too complex to model successfully with the 
available signal-to-noise. Additionally, four other sources 
are consistent with the hidden/buried AGN described in 
lUeda et aU ([200l . Since y 1/5 of our sar nple fits in 
this category, we agree with lUeda et al\ (|2007D that these 
types of sources are a significant fraction of lo cal AGN. If 
these sources have weak [O III] emission, as lUeda et al\ 
(|2007t l predicts, they would be easily missed in optical 
surveys and require very hard X-ray surveys, such as the 
BAT and Integral surveys, for detection. 

On short time scales, during the w 3 hr XMM-Newton 
observations, we found that only 3/21 sources varied sig- 
nificantly, all of which were bright, low absorption X- 
ray sources. Comparing the XRT and XMM-Newton 
observations of 16/22 sources, which were separated by 
hours to months, we were able to compare the spectra for 
longer time scale variability. Most of the sources varied 
in fiux (13/16), such that our results agree with previ- 
ous studies which found AGN to v ary more on longer 
time scale s than sh ort time scales ()Barr fc Mushotzkvl 
IT986; Nan dra et all 1997). In terms of spectral variabil- 
ity, nearly half of the sources varied in both column den- 
sity (6/16) and power law index (6/16). We found no 
correlation between column density and fiux between ob- 
servations for the individual sources. However, there was 
a strong correlation between power law index and 0.3 - 
lOkcV flux, where steeper slopes corresp ond to higher 
fluxes . Contrary to the variability study bv lMateos et al\ 
(|2007D who estimate ~ 40% of their sample to vary with 
respect to spectral shapes, we find 7/8 identified Seyfert 
Is to vary i n either column dens ity or power law index. 
We note, as IMateos et al\ (|2007) point out, that the de- 
tection of this variability depends on the quality of the 
data. Thus, similar comparisons with Seyfert 2s were not 
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plausible since the data quality was much lower. 

Optically, the Seyfert type of the sources match the 
X-ray column densities. Thus, the Seyfert 1 sources 
have hh < 10^^ cm~^ and the Seyfert 2 sources have 
hh > lO^^cm"^. The two sources with no opti- 
cal AGN signatures are heavily absorbed sources with 
hh > 5 X lO^^cm"^. The host galaxies of our sam- 
ple are most l y spir als, contrasting with the results of 
iGrogin et al\ ()2005[ ). who find elliptical hosts dominat- 
ing the z « 0.4 — 1.3 universe. 

We are continuing to analyze the XRT spectra, as 
well as search the literature, for the X-ray properties 
of the complete sample of 9-month BAT AGN. With 
the X-ray properties of our complete sample, we will 



compare the BAT AGN properties with those of other 
AGN samples, such as the ASCA sample of S e yfert 1 
and Seyfert 2 sources pre sented in [Turner et al\ ()1997aD 
and [Turner et al\ (|1997H ). In addition, we are analyzing 
the optical spectra of a sub-sample of the sources to de- 
termine the optical properties of our sample. With these 
data, we will present the optical and X-ray properties of 
a local AGN sample. 
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APPENDIX 

DETAILS ON VARIABILITY OF INDIVIDUAL SOURCES 

Below we describe the variability between observations for the AGN hsted in Table [121 The fow column density 
sources are those whose best-fit spectra were fit by a simple absorbed power law or a power law and blackbody model. 
The high column density/complex sources are those that we fit with the partial covering/double power law models. In 
the following discussion, XMM is used to denote the PN spectrum while XRT-1 denotes, for example, the first XRT 
observation for the source, as listed in Tabled 

Low Column Density Sources 

MRK 352 The PN and two XRT spectra for MRK 352 were not well fit until the flux was allowed to vary. A 

varying fiux improved the fit by Ax^ ~ 6500. The fit was then greater improved by allowing the column density to 
change (A^^ = 320). Changing the power law index and normalizations improved the fit by Ax^ — 30, however, 
the power law photon indices were the same within the errorbars. The best-fit tbabs*tbabs*(pegpwrlw -I- bbody) 
model is shown in Figure [9] where x^/dof = 1289.01/1189. The black body and power law components were those 
seen in Table [SI Hydrogen column density changes between the observations as: 0.00 - 0.02 xlO^^cm"^ (XMM), 
0.83 - 1.04 xlO^^cm-^ (XRT-1), 1.28 ~ 1.51 xlO^^cm-^ (XRT-2). The flux errors from the pegged power law 
component were: 1.96 - 2.00 xlO"" ergs'^ cm'^ (XMM), 1.37- 1.47 xlO"" ergs'^ cm'^ (XRT-1), and 0.98 - 1.05 
X 10^^^ ergs""'^ cm~^ (XRT-2). Considering that the XRT observations were taken only a day apart, it is clear that 
this source varies considerably. Five months earlier, the XMM spectra show the source nearly twice as bright with no 
absorption. 

SWIFT J0216. 3+5128 All of the observations for SWIFT J0216.3-f 5128 took place within the span of a month. 

While no variations were seen between the column densities and power law indices (Ax^ < 3), the flux did vary. 
The fiux errors from the pegged power law component were: 1.63 - 1.75 x 10~^^ ergs~^ cm~^ (XMM), 2.25 - 2.52 
xl0^"ergs-icm-2 (XRT-1), 2.15-2.43 x 10"" ergs"! cm'^ (XRT-2), and 1.72-2.12 xlO"" ergs"! cm'^ (XRT- 
3). From the first two observations, the flux drops about 30% over two weeks and then remains at about the same 
level through the last two observations. 

ESO 548-GO8I The spectra of ESO 548-G081 were found not to vary in column density. However, they did vary 

in both flux [Ax^ — 625) and F (Ax^ = 60). We fit this source with a tbabs*tbabs*(pegpwrlw 4- bbody -I- zgauss) 
model with x^/dof = 1428.1/1295. We note that the blackbody parameters were not fixed for observation XRT-2. 
This spectrum showed a soft excess that was fit with a blackbody much lower than the value for the XMM observation 
(see Table [6| with kT in the range of 0.034 - 0.049 keV. There were remaining residuals in this fit for XRT-2, leaving 
us unsure of the nature of this feature which could be the result of a hot pixel or the instrument. The higher energy 
spectrum (above 0.5 keV) appeared well fit by the model used. We found the error on the photon index as: 1.851 

- 1.877 (XMM), 1.716 - 1.802 (XRT-1), and 1.930 - 2.002 (XRT-2). The flux errors from the pegged power law 
component were: 2.91-2.96 xlO"" ergs'^ cm'^ (XMM), 3.76 - 4.04 xlO"" ergs"^ cm'^ (XRT-1), and 4.13 - 4.33 
xlO^^^ ergs"^ cm~^ (XRT-2). It is unclear whether the changes between the XMM observation and XRT-1 reflect 
differences in the instruments or the source. Both observations were taken on the same day, nine hours apart. Two 
months later, the XRT-2 observation shows the source to have a steeper power law index and a higher flux. 

ESO 490-G026 Allowing flux, column density, and power law indices to vary between the four observations of ESO 

490-G026 greatly improved the fit with Ax^ values of 171, 21, and 62. We used an absorbed power law + blackbody 
model (kT set at the value in Table [6]) with an Fe K line. Using the pegpwrl for a power law component, the best fit 
gavexVdof = 1281.8/1313. The errors on nj^ were: 2.96-3.59 xlO^^cm^^ (XMM), 3.10-3.81 xlO^^cm^^ (XRT-1), 
2.54 - 3.84 xlO^^cm-^ (XRT-2), and 4.12 - 6.74 xlO^icm^^ (xRT-3). The errors on the photon index were: 1.66 

- 1.71 (XMM), 1.88 - 2.00 (XRT-1), 1.63 - 1.86 (XRT-2), and 1.74 - 2.09 (XRT-3). Finally, the errors on the fiux 
from the pegged power law component were: 3.23 - 3.32 xlO~^^ ergs~^ cm^^ (XMM), 3.79 - 4.09 xl0~^^ ergs~^ cm~^ 
(XRT-1), 3.53- 3.97 xlO"" ergs'^ cm'^ (XRT-2), and 2.71 - 3.37 xlO"" ergs'^ cm'^ (XRT-3). Observation XRT-1 
occurred about 3 months before the XMM observation. In this time, the power law index fiattened while the fiux 
decreased. The column density of the sources does not vary between the first three observations. However, between 
XRT-2 and XRT-3, 5 days apart, the column increased by nearly twice the previous amount with the fiux decreasing. 

SWIFT 10904.3+5538 As with ESO 490-G026, aU of the parameters (column density, flux, and power law photon 

index) varied for SWIFT J0904. 3-1-5538. For this source, we fixed the parameters of the blackbody component to the 
best-fit values of the XMM PN observation. No Fe K line was required in this spectrum. The Ax^ values allowing 
flux, n//, and F to vary were 523, 12, and 20. Errors for column density were: 0.61 - 1.29 xlO^-^ cm~^ (XMM), 1.01 

- 1.93 xlO^^cm-^ (XRT-1), and 1.37 - 2.41 xlO^^cm-^ (XRT-2). The errors on the photon index were: 1.80 - 
1.97 (XMM), 1.45 - 1.69 (XRT-1), and 1.49 - 1.75 (XRT-2). Finally, the errors on the flux from the pegged power 
law component were: 0.94 - 1.02 x 10"" ergs"^ cm'^ (XMM), 0.76 - 0.88 xlO"" ergs"! cm'^ (XRT-1), and 0.60 - 
0.69 xlO^^^ ergs^^ cm^^ (XRT-2). Between XRT-1 and XRT-2, approximately a month apart, the source dimmed by 
« 20% and then brightened more than twice that amount 3 months later in the XMM observation. With the higher 
flux, the XMM observation showed less absorption and a steeper slope. 
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MCG +04-22-042 MCG +04-22-042 was well-fit with a simple absorbed power law (pegpwrlw) with x'^/doi = 

1534.8/1190. This fit required flux and column density to vary between the XMM and XRT observations with Ax^ of 
938 and 298, respectively. Errors for column density were: 0.00 - 0.02 x 10^° cm-^ (XMM) and 1.77 - 3.36 x 10^° cm^^ 
(XRT-1). Though these values are small, there was clearly a change in column density, evidenced by the very significant 
change in x^- The errors on the flux for the pegged power law component were: 3.38-3.42 xl0~^^ ergs~^ cm~^ (XMM) 
and 2.29 - 2.44 xlO""'^^ ergs^^ cm^-^ (XRT-1). The two observations were approximately 5 months apart, showing that 
the flux and column changed while the photon index remained roughly the same. The flux increased (in the XMM 
obs.) while the column density decreased. 

UGC 6728 In the four UGC 6728 spectra, the only statistically significant variation is in flux (Ax^ = 680). 

The absorbed pegged power law model yields a best-fit x^/dof of 855.3/863. This source varies by a high amount 
with errors in flux of: 1.15 ~ 1.19 xlO"" ergs"^ cm'^ (XMM), 2.12 - 2.28 xlO"" ergs'^ cm'^ (XRT-1), 1.40 - 1.60 
xlO"" ergs-i cm-2 (XRT-2), and 1.53 - 1.89 xlO"" ergs"! cm'^ (XRT-3). Thus, the flux doubled between the four 
months from the XMM observation and XRT-1. It then decreased by about 25% over 5 days, remaining at about the 
same level in the XRT-3 observation a week later. 

WKK 1263 The only significant change in for the combined spectral fits to WKK 1263 was in fiux (Ax'^ = 150). 

The best-fit pegged power law fit had x^/dof = 826.8/782. The errors on the flux from the pegged power law 
component were: 1.52 - 1.57 x 10"" ergs'^ cm'^ (XMM), 1.18 - 1.39 x 10"" ergs'^ cm'^ (XRT-1), and 1.07-1.21 
xlO^^^ ergs~^ cm~^ (XRT-2). The source was brighter (by as much as 50%) in the XMM observation taken about a 
month after the XRT observations. 

MCG -(-09-21-096 MCG -f09-21-096 showed significant variation in x^ when allowing variations in flux and power 

law photon index (Ax^ = 797 and 12). The model (tbabs*pegpwrlw) was a good fit with x^/dof = 1289.2/1334. 
Errors on T were: 1.78 - 1.79 (XMM), 1.77 - 1.82 (XRT-1), and 1.67 - 1.74 (XRT-2). The errors on the flux from 
the pegged power law component were: 2.77 - 2.81 x 10~^^ ergs~^ cm~^ (XMM), 3.97 - 4.16 xlO"-^^ ergs~^ cm~^ 
(XRT-1), and 3.50 - 3.74 x 10"" ergs"^ cm"^ (XRT-2). Between the XRT-1 and XMM observations, 7 months 
apart, the photon index is the same while the flux decreased by about 40%. Then, in the week between the XMM 
and XRT-2 observation, the source photon index flattened slightly while the flux increased to nearly the level in the 
XRT-1 observation. 



High Column Density/Complex Sources 

NGC 1142 Since NGC 1142 has a strong Fe K fine (see Table [8] for EW and normalization), we flxed the Fe 

K parameters for the three XRT observations to the best flt values for the PN spectrum. Allowing the flux to vary 
between these observations improved the fit by Ax^ = 130. There is no evidence of variability in column density, 
however, varying power law components improved the fit by Ax^ ~ 30. Fitting the spectra with a pegged power law 
model, the best-fit model has x^/dof = 132.6/105. Errors on the power law photon index, F, were: 1.54 - 2.29 (XMM), 
2.34 - 3.85 (XRT-1), 2.15 - 3.98 (XRT-2), and 1.08 - 2.94 (XRT-3). Though the error bars for the photon index are 
large, due to the few counts for this heavily absorbed source, it is clear that observation XRT-1 has a steeper power 
law component than the XMM observation. The errors on the pegpwrlw fiux were: 1.97 - 6.01 xl0~^^ ergs~^ cm~^ 
(XMM), 10.87 - 322.3 xlO-"ergs-i cm^^ (XRT-1), 10.10 - 478 xlO-^ergs"! cm-^ (XRT-2), and 3.81 - 43.13 
xlO^^ ergs~^ cm^^ (XRT-3). Once again, the XRT error bars are large due to the few counts. Noting that the XMM 
observation occurred 6 months before XRT-1, clearly the flux is higher in the XRT-1 observation while the photon 
index is steeper. No conclusions can be drawn from the flnal two XRT observations. 

SWIFT J0318.7-h6828 SWIFT J0318. 7-1-6828 showed no variabifity in column density or power law component 

between the XMM and two XRT observations (Ax^ < 3 allowing each to vary). The variability was significant in flux 
with Ax^ ~ 40 when a constant model was added. The errors on the pegpwrlw flux were computed as: 1.01 - 1.25 
xl0-"ergs-icm-2 (XMM), 0.76 - 1.00 xlO"" ergs"! cm'^ (XRT-1), and 0.79 - 1.04 xlO"" ergs"! cm'^ (XRT-2) 
with x^/dof= 412.9/452. Thus, the XRT observations, taken a week apart, did not vary. However, three months 
earlier the XMM observations show the source to be brighter by ~ 30%. 

ESQ 362-G018 As mentioned, the spectra of ESQ 362-G018 showed more variability than any other source in this 

sample. The value Fmax — Fmin / Favg for this source was 1.64 in the soft band and 1.22 in the hard band. This source 
had a complex spectrum, described in the Detailed Spectral Fitting section. We fit the XMM and XRT spectra of 
this source with a partial covering and power law model. However, we added gaussian components to fit the strong 
Fe K line (in the XMM observation) and the helium- like oxygen edge. The best-fit model required flux, n//, and 
F to vary (Ax^ = 1890, 254, and 40) with x^/dof = 538.4/445. The errors on column density were 24.54 - 31.23 
xl022cm-2 (XMM), 6.47 - 269.3 xlO^^cm'^ (XRT-1), and 2.12 - 4.71 xlO^^cm'^ (XRT-2), with partial covering 
fractions of 0.91 - 0.93 (XMM), 0.10 - 0.91 (XRT-1), and 0.45 - 0.68 (XRT-2). Errors on the photon index were: 
2.13 - 2.23 (XMM), 1.76 - 2.05 (XRT-1), and 1.69 - 1.99 (XRT-2). Finally, errors on flux for the pegged power law 
component were: 1.46 - 1.83 xlO"" ergs^^ cm^^ (XMM), 2.17-7.69 xlO"" ergs'^ cm'^ (XRT-1), and 2.25 - 2.95 
xl0""crgs-icm-2 (XRT-2). 

In Figure [TUb . we show the normalized XMM and XRT spectra with best-fit model. It is clear from this figure 
that this source varied a great deal in these observations. Both XRT-1 and XRT-2, despite the large error bars on 
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XRT-2, have similar spectra. These observations were taken approximately a month apart. Taken two months later, 
the XMM observation looks like a different source altogether. In this time, the column density increased by a factor 
of 10. Additionally, the photon index became steeper and the flux dropped by about 50%. Along with these changes, 
the Fe K line (not distinguishable in the XRT observations) became extremely prominent. One likely explanation for 
the appearance of the Fe K line is that it was simply too dim to be distinguishable at the higher flux levels exhibited 
in the XRT observations. This is illustrated in the unfolded spectrum shown in Figure fTOb . In this plot, where the 
y-axis shows E^f(E), it is clear that if the Fe K line remained at the same flux level as in the XMM observation it 
would be completely dominated by the power law component. 

NGC 6860 As mentioned in the Detailed Spectral Fitting section, the spectrum of NGC 6860 is quite complex. 

Due to this complexity and a lack of signal to noise (especially considering that the FN data was corrupted), we 
are unsure of the true nature of this spectrum. Therefore, we decided to compare the XMM and XRT spectra with 
the pcf abs*pow model. This may not be the most valid description of the data, but it gives a basis to compare the 
spectra. Using this model, we fit both of the MOS observations (with the parameters \ih and F tied together while 
the flux was allowed to vary) simultaneously with the XRT observation. Variations were statistically significant for 
flux, nn, and F with Ax^ = 83, 56, and 15, respectively. The best-fit for the partial covering, pegged power law 
model yielded x^/dof of 513.3/430. Errors on the column density were 3.33 - 6.09 x 10^^ cm'^ (XMM) and 0.59 - 1.73 
X 10^2 cm-2 (XRT) with covering fraction errors of 0.0 - 0.66 (XMM) and 0.73 - 0.92 (XRT). The photon index errors 
were: 0.64 - 0.88 (XMM) and 1.16 - 1.71 (XRT). Finally, errors on the flux from the pegged power law component 
were: 1.06 - 1.19 x 10"" ergs"! cm'^ (XMM MOS-1), 0.99 - 1.12 x 10"" ergs"! cm'^ (XMM MOS-2), and 1.44 - 
1.88 xl0~^^ ergs~^ cm~2 (XRT). These observations were taken 4 months apart. Interestingly, the XRT observation 
is well-fit by the partial covering model, giving photon index and covering fractions similar to the typical values seen in 
Table m However, the column density is much lower (by a factor of 10 from the other sources). Between the XRT and 
XMM observations, the column density seems to have doubled while the photon index flattened and the flux decreased 
by nearly half. 
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Fig. 1. — XMM-Newton PN and the highest quality XRT spectrum for NGC 1142 centered on the 6.4keV fluorescent Fe K line. The 
lines represent a simple absorbed power law model. In the 10 ks PN, the Fe K line is clearly distinguishable requiring the addition of a 
Gaussian component. However, the 7ks XRT spectrum, binned as the PN spectrum with 20 photons/bin, does not have the spectral 
resolution required to distinguish this feature. We found this to be the case with all of the XRT spectra examined for these 22 BAT AGNs. 
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Fig. 2. XMM-Newton spectrum (PN, MOSl, and MOS2) of NGC 1142 fit with the model tbabs*pcf abs*(pow + zgauss)*const. There 
is a clear soft excess with possible unresolved lines (in PN). We find that a better fit to this source is obtained with the addition of a 
blackbody model. 
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Fig. 3. — XMM-Newton MOSl (no PN data was available for this source) and SWIFT BAT spectra of NGC 6860 fit with a reflection 
model. The spectrum of this source is very complex and could be adequately fit by a few different models (such as a reflection model, 
ionized absorption in place of neutral absorption, and a double partial covering model). However, residuals in the model point to complexity 
that can not be explained without higher signal-to-noise observations. 
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Fig. 4. — XMM-Newton and BAT spectra of the Compton-thick candidate sources NGC 612 (left) and MRK 417 (right). The model used 
is tbabs*(tbabs*poM + tbabs*(pexrav + zgauss))*const. The unfolded spectrum is plotted (E^ f(E) vs. E, where f(E) is the model). The 
fits to the sources are described in the text. These fits were obtained with the constant factor set to 1.0 (normalized to the PN spectrum). 
The BAT spectra show some curvature and are not well fit by this model. This was not true of the remaining 3 Compton-thick candidates. 



20 




Fig. 5.— Light curves binned by 100 s for the XMM-Newton PN observations of MRK 352, ESO 548-G081, and UGC 6728. These two 
were the only sources to show significant variability above the background level(x^ /dof > 1.5 compared to a constant flux model). Each 
of these sources axe among the brightest flux sources in our sample (though not the three brightest) , all optical Seyfert 1 sources. 
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Fig. 6. — Plots of the flux variation in the soft 0.5 - 2keV {+) and hard 2 - lOkeV (x) bands for sources with XMM-Newton and XRT 
observations (> 100 counts). These flux values were obtained from simple absorbed power law flts (see Tables |3] and |4]l . For the sources 
with few/no counts in the soft band, the soft flux was unmeasurable. 
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Fig. 7. — Distribution of variability measurements, {Fmax—^min)/^avg, for all of the sources listed in Table [T2l The first histogram 
shows the values for the soft (0.5 — 2.0 keV) band while the second set of histograms show the distribution in the hard (2.0 - 10.0 keV) 
band. For the soft band, we show the distribution only for the low column density /simple model sources. The more absorbed/complex 
sources had fewer counts in the soft band, making the {Fmax—^min)/^avg unreliable for most of these sources. Further, only half of the 
absorbed sources had XRT observations with > 100 counts over all bands, so the sample is not complete even in the hard band. For the 
simple model sources, we find that the variability, estimated from {¥'max—^min)/^avg, is higher for many of the sources in the soft band 
than the hard band. 
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Fig. 8. — Plots of the flux variation in the soft 0.5 — 2 keV and hard 2 — 10 keV bands, measured by {Fmax—Fmin)/Favg, versus number of 
days between observations for the maximum and minimum flux. In this figure, sources with X-ray spectra best described by a simple model 
(triangles), complex model (circles), and the two complex sources with nj/ < lO'^'^cm^^ (squares) are plotted. The {Fmax—Fmin)/Favg 
values are lower in the hard band. In the soft band, three complex sources are not plotted due to uncertainty in measuring their soft fluxes. 
The average value of Atmax or \tmax—tmin\ is about 100 days for both hard and soft flux. 
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Fig. 9. — (left) XMM-Newton PN spectrum (black) with two XRT (red and blue) observations for MRK 352 fit with the model 
tbabs*tbabs*(pegpwrlw + bbody). The best- fit model required both the hydrogen column density and flux to vary between the three 
spectra, (right) The unfolded spectrum (E^ f(E) vs. E, where f(E) is the model) is plotted for the same source, MRK 352. 
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Fig. 10.— (left) XMM-Newton PN spectrum (black) with two XRT (red and blue) observations for ESO 362-G018 fit with the model 
tbabs*pcf abs*(pegpwrlw + zgauss + zgauss). This source, with a complex spectrum, varied considerably between the XRT observations, 
taken approximately 2 months later, and XMM-Newton observation. The XMM-Newton observation shows a strong Fe K line and a column 
density 10 times that seen by the XRT observations. The flux is also lower by ft: 50% in the XMM-Newton observation (the spectra shown 
are normalized and exhibit the observed spectrum), (right) The unfolded spectrum for ESO 362-G018 is plotted (E^ f(E) vs. E). If the 
Fe K line remained at the same level as in the XMM-Newton observation, the increased flux from the power law component would dominate 
the line emission in the XRT observations. This is a possible explanation for the appearance of the Fe K line. The observed spectrum is 
shown in Figure |9] 
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Fig. 11. — Hydroge n column d ensity {cm~^) versus the 14-195 keV flux (erg s~^ cm~'^) measured by SWIFT's BAT instrument. These 
values are hstod in T ueller et ali (2007), with the circles representing 9-month catalog sources and the squares sources from the 9- month 
catalog with XMM-Newton follow-ups detailed in this paper. We note that for column densities higher than ^ lO'^* cm~-^, the spectrum is 
likely optically thick to Compton emission and thus there is a greater uncertainty in the measured hydrogen column density. 
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Fig. 12. — Plots of column density vs. flux ratios for the XMM-Newton follow-up sources. At left, we show the ratio of the 2 - lOkeV 
flux to the 14 — 195 kev (BAT) flux. The triangles are the sources best-fit by a simple power law or power law and blackbody model. 
The squares represent the two sources with complex spectra we could not interpret (ESO 362-G018 and NGC 6860). Finally, the circles 
represent the absorbed sources with complex spectra. At right, the ratio of the 0.5 — 2 keV flux to the 2-10 keV fiux is shown. For the 
unabsorbed sources, we plotted the sources as having n^f = 10^" cm~^. These sources had approximately the same ratio of hard flux/BAT 
fiux as soft fiux/hard flux. For the more heavily absorbed sources, the ratio of hard flux/BAT fiux is clearly larger than the soft flux/hard 
flux ratio. The lines represent column density vs. flux ratio for constant power law indices (F = 1.9 and 1.5, as labeled). 
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Fig. 13.— Color-color diagram of soft/medium (0.5 - 2 kcV flux / 2 - 10 kcV flux) and hard/medium (14 - 195 kev (BAT) flux / 2 - 10 kcV 
flux) colors. The vertical lines represent values for constant power law indices (of T = 1.9 and 1.5, as labeled) with diff'ercnt absorbing 
columns. The other lines on the diagram represent constant column densities for different power law indices (from top to bottom: 10^'^, 
lO^-', 10^^, and 10^^ cm~^). The triangles are the sources best-fit by a simple power law or power law and blackbody model. The squares 
represent the two sources with complex spectra we could not interpret (ESO 362-G018 and NGC 6860). Finally, the circles represent the 
absorbed sources with complex spectra. The unabsorbed sources clearly occupy a region to the top left in the diagram while the more 
heavily absorbed sources lie towards the bottom right. Sources with column densities in the middle (between lO'^ and lO'^^cm"-^) lie 
between our unabsorbed and heavily absorbed points. From this result, we present a new diagnostic to describe spectra with low counts. 
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Fig. 14. — Plot of the Fe K equivalent width measurements (eV) versus the luminosity in the hard band (2 - lOkeV). The equivalent 
width measurements are from the best-fit models for the sources shown in Tables [5] \E\ and [9] The simple power law / power law and 
blackbody, unabsorbed/low absorption sources are plotted as triangles. The squares represent the two sources with complex spectra we 
could not interpret (ESO 362-G018 and NGC 6860). Finally, the circles represent the absorbed sources with complex spectra. The source 
SWIFT J0216. 3+5128 is not plotted since there was no evidence of a line and the redshift is unknown. The line is the ordinary least squares 
bisector fit to the data using the upper limits on the Fe K equivalent widths. 
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Fig. 15.— Plot of the optical depth of an added O VII, 0.74 keV, and O VIII, 0.87 keV, K edge vs. 2 - lOkeV luminosity. This model 
was added for the low absorption/simple model sources (circles, solid lines for upper limits), which are optical Seyfert 1 sources (with the 
possible exception of WKK 1263 for which we found no archived optical spectrum). We compare our values to those from Revnoldst tl997l ) 
(squares, dashed lines for upper limits). Clearly, we find much weaker optical depths among our sample, most noticeably for O VIII where 
the upper limits on optical depth are well below t = 0.1 for all but one source. Further, in Table [7] the addition of the two edge models 
gives a statistically bettor fit (Ax^ > 10) for only two sources (ESQ 490-G026 and MCG +04-22-042). Only ESO 490-G026, has upper 
limits for both O VII and O VIII with t > 0.1. 
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Fig. 16. — Plots of varying column density (left) and photon index (right) with flux. For sources that showed variations in column 
density or photon index, wc plotted the observation's value divided by the average for the source (i.e. F^/ <Fsource), for each individual 
observation. The flux is the 0.3 - lOkeV flux from the pegged power law component. The lines mark the area where each parameter is 
1.0 (where the observation value is the average value). A different symbol is used for each source. No correlation is seen between column 
density and flux, however, there is a strong correlation between photon index and flux. 
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TABLE 1 

XMM-Newton EPIC and SWIFT XRT Observation Information 



Source 


RA (h m s) 


Dec (o / //) 


Rcdshift 


1 

n£r(GAL) 


Typc^ 


Host Galaxy 


MRK 


no 59 53 28 


31 49 36 87 


01 4864 


5.59 


Svl 


SAO 


NOP fil 9 


ni ^7 74 


■^fi 9Q '^'^ 70 
-ou oo. i u 


09Q771 


1.85 


Gal 




SWTPT 1091 '^-l-'^l 9K 

O V V l-T _L J J-U. On^O -L^O 


09 1 9Q S4 


•^1 9fi 94 70 


UNKNOWN 


1.57 




7 


NOP 1 1 49 


(19 1 9 1 QR 


00 1 1 00 SI 


09^^847 


6.00 






SWIFT msi S 74-fiS2S 


03 IS 1 8 98 


fiH 9Q SI 42 


OQm DO 


35.1 


Sy2 




ESO 548-G081 


03 42 03.72 


-21 14 39.70 


0.014480 


3.04 


Syl 


Sba 


ESO 362-G018 


05 19 35.82 


-32 39 27.90 


0.01264 


1.78 


Syl.5 


so/a 


ESO 490-G026 


06 40 11.69 


-25 53 43.30 


0.024800 


11.7 


Syl. 2 


Pec 


SWIFT J0641. 3+3257 


06 41 23.04 


32 55 38.60 


0.017195 


11.6 


Sy2 


E? 


MRK 18 


09 01 58.39 


60 09 06.20 


0.011088 


4.49 


Sy2 


S 


SWIFT J0904.3+5538 


09 04 32.94 


55 38 30.63 


0.037142 


2.78 


Syl 


7 


SWIFT J0911. 2+4533 


09 11 29.97 


45 28 05.00 


0.026782 


1.64 


Sy2 


S? 


MCG +04-22-042 


09 23 43.00 


22 54 32.50 


0.032349 


3.37 


Syl. 2 


E 


MRK 417 


10 49 30.93 


22 57 51.90 


0.032756 


2.06 


Sy2 


Sa 


UGC 6728 


11 45 16.02 


79 40 53.42 


0.015300 


4.49 


Syl. 2 


SBO/a 


SWIFT J1200.8+0650 


12 00 57.92 


06 48 23.11 


0.036045 


1.43 


Sy2 


S? 


ESO 506-027 


12 38 54.59 


-27 18 28.20 


0.025024 


6.60 


Sy2 


S pec s 


WKK 1263 


12 41 25.74 


-57 50 03.50 


0.024430 


35.5 


Sy23 


Sc 


MCG +09-21-096 


13 03 59.47 


53 47 30.10 


0.02988 


1.53 


Syl 


SABb 


NGC 4992 


13 09 12.95 


11 38 45.32 


0.025137 


2.09 


Gal 


Sa 


NGC 6860 


20 08 46.89 


-61 06 00.70 


0.014884 


4.19 


Syl.5'' 


SB ab 


NGC 6921 


20 28 28.86 


25 43 24.30 


0.014287 


26.0 


Sy2 


SA 0/a 


MCG+04-48-002 


20 28 35.0 


25 44 00.0 


0.013900 


26.0 


Sy2 


S 



^ Galactic column density towards the source, in units of 10^*^ cm ^, as obtained from the web version of the \\h FTOOL. These are the values 
from iDickev fc LockmanI (119901 ') . 

^ AGN type and host galaxy type from [Tueller et al\ ||2007D . For AGN types, optical identifications are listed, where available. Where "Gal" is 
indicated, there are no optical emission lines indicative of the presence of an AGN. The optical spectrum looks like a galaxy spectrum. Additional 
host galaxy classifications were obtained from the LEDA database. Where "?" is indicated, there is no available classification. 



While WKK 1263 is classified as a Sy2 in NED, we could find no optical spectrum to confirm this. 

NGC 6860 is classified as a Syl.5 by|L ipari. Tsvetanov, Macchettol ( |1993l) contrary to NED's classification as a Syl. 
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TABLE 2 

XMM-Newton EPIC and SWIFT XRT Observation Information 



Source 


Telescope 


Observation ID 


Start Date 


Exposure Time (s) 


Total Counts^ 


iVJ. JTVXV O iJ ^ 


XMM 


0^1 21Q01 01 
(JO X Zi X tyxj X u X 


2006-01-24 


Q77^ 12^82 12*^60 
yi lO, x^oo^5 x^ouu 


712Q6 2*^^72 2m 7"^ 
/ x^yu, Zioo 1 ^ox f o 


iVUX-lV tjoZi 


XRT 


000'^f^24'^001 


2006 0"^ 2Q 
zuuu-uo-zy 


1 1 f^27 

X XOZ i 


04:0 U 


iVilXJA. OO^ 


XRT 


nOO'^'^94'^002 


9006 0^^ *^0 
zuuu-uu-ou 


xyooo 


'?Q8*? 

oyoo 


NPP fil 9 

i > vj V_y U 1 ^ 


yviVXlVi 


0*^1 91 Q0901 


2006 06 96 

zuuu-uu-zu 


Q744 1 24'^6 1 241^7 


1 1 64 28^^ '?'=i2 

XXU4:, ZOO, OoZ 


NPP fil 9 
i > v_tO U 1 Z 


XRT 


000'^'^697001 
UUUOOUZ 1 uux 


9006 06 09 

zuuu-uu-uz 


674 *^ 
\J 1 4:0 


20 

ZrU 


NOP fil 9 


XRT 


000'^'^697009 


9006 06 1 9 

^UUU UU X 


4875 


20 




yv ivx ivx 


0*^1 91 00*^01 


9006 01 94 

^UUU U A- ^'-T 


8Q21 1148'=1 114Q^ 
oy^Xj xxtoo 5 X x^£70 


14412 64'=i4 60^*? 

XI^X^, UlO'i, uuoo 


SWTPT 1091 '^-l-'^l 9K 


XRT 


000'^'^947001 
uuuOfj^i 1 uux 


9006 01 08 
^uuu u x-uo 


8291 


1516 


CIWTPT 7091 '^-i-'^19S 


XRT 


000*^^947002 

UUUOOZ4: / UUZr 


9006 0110 
zuuu-ux-xu 


oooy 


Q82 
yoz 


^WTPT T091 '^-l-'^l 9^^ 


XRT 


000'^'^94700'i 


9006 02 O'^ 
^uuu u^ uo 


2113 


288 


NCIC 1 142 


XMM 

yV IVX IVX 


0*^1 91 Q0401 


9006-01 -28 


8Q21 1 148^ 1 14Q6 


2481 847 Q07 

ijrtOX , Ot: 1 , i7U 1 


NOP 1 1 49 


XRT 


000'^'^948001 

UUUOO^'iOUUX 


9006 06 9Q 
^uuu uu^y 


6808 


245 


NdC, 114.9 


XRT 


000*^^248002 


2006-07-07 

^UUU U 1 U 1 


5434 


201 


NOn 1 142 


XRT 


000^^24800S 


2006-07-08 


4670 


145 


NOC 11 42 


XRT 


onn3'i248on4 


2006-07-1 1 


1888 


40 


iD vv Xx" X dUOXO. 1 T^UO^O 


XMM 

yvivx ivx 


0*^1 2100^01 


2006-01 -2Q 


61^78 1116*? 11170 

UO lO, XXXUO) XXXiU 


Q6^4 4^12 44Q1 


kJ vv XX X UUiJXO- f l^vJOiiO 


XRT 


000^^24Q001 


2006-03-29 

iiUUU UiJ ill? 


9247 


413 


9WTFT inm 8 74-6828 

O vv Xr X dUOXO. 1 T^yJO^O 


XRT 


000^'=;24Q002 
uuuoo^^yuu^ 


2006-04-0 ■=» 
^uuu u^ uo 


8061 


385 


F,^n no8i 


XMM 


Om 21 Q0601 
uo x^ xyuuu X 


2006 01 28 
^uuu ux 


8Q24 1 1 48'=1 1 1 4QQ 
oy iirt , X xtoO) xxiii^y 


1 06660 '?26QQ '^2404 
xuuuuu, o^uyy, o^iui 


FSn ^^48 no8i 


XRT 


000'^'^2'^0001 
uuuou^uuuux 


2006 01 28 
^uuu ux^o 


3561 


3632 


FSn "^48 no8i 


XRT 


000'^'^2'^0009 

UUUOU^UUUUZr 


2006 0*^ 1 Q 
^uuu uo X y 


6605 


7821 


F^n '^69 noi 8 


XMM 


0*^1 91 Q0701 
uox^xyu I ux 


2006 01 28 

^UUU U i- 


8Q21 1148^ 114Q8 
oy^iX, xxtoOj xx^i?o 


84Q7 2Q0'=; 2884 
04:y 1 , ^yuo, ^oo^ 


F^n '^69 r'OI 8 


XRT 


000'^'^9'^4001 

UUUOOZO'4:UUX 


200^^ 1 2Q 


1 *?7Q 

xo i y 


772 


Fso '^69 noi 8 


XRT 


000'^'^9'^4002 

UUUOU^O'iUU^ 


900^^ 1 1 96 

^UUU X x^u 


6979 


2587 


F^O 4Q0 (^09^ 




0*^1 21 Q0801 
uoxzxyuoux 


9006 0*^ 07 

zuuu-uo-u 1 


Ql Q2 1 1 81 2 11 82*? 
yxyz, XXOX.Z, xxo^o 


•^2246 21 0'^7 1 Q71 *i 
ozz4:U, zxuo / , xy/xo 


F^O 4Q0 ri09R 


XRT 


000'^'^2'^6001 
uuuou^uuuux 


900^^ 19 16 

^UUU X xu 


8246 


4448 


FSO 4Q0-O09(S 

XJOV_y '±>7U VTUiiU 


XRT 


000'^^9'^6009 


2006-03-23 

iiUUU UrJ inj 


2809 


1434 


FSO 4Q0 n09fi 


XRT 


000*^^19^1600'^ 

V^UV^' )■. tJUUUO 


9006 0*^ 98 
^uuu uo^o 


2747 


954 


SWIFT 10641 '^-l-'^9'^7 


XMM 

yv i VX IVX 


0*^1 91 Q0Q01 


9006 0'^ 1 1 


106Q6 1*?'^07 
xuuyu, J xoou / 


2686 786 
zuou , , 1 ou 


SWIFT 10641 '^-l-'^9'S7 


XRT 


0110352570(12 


900^-1 2-1 8 


7784 


20 


SWTFT 10641 '^-L^9f^7 

O V V XP X d UU'iX . Ot^OZtU ( 


XRT 


000'^'^9'^700'^ 
uuuoo^o 1 uuo 


900^^ 12 96 

^UUU XZi Z(U 


14864 


82 


fiWTFT 70641 '^4-'^2'i7 


XRT 


000*^^2^7006 


2006-01-07 

iiUUU UX 1 


20008 

iiUUUO 


60 


MRK 18 

iVX X\jX\. X o 


XMM 

yvivx ivx 


0*^1 21Q1001 

UOXZi XC/XUUX 


2006-0^-2^ 
^UUU uo^o 


QQ10 1 *?'?87 1*^402 
yyxu, xooo / ^ xo^u^ 


4QQ0 108Q 102Q 
^yyu, xuoy, xu^y 


MRK 18 

i VX X\jX\. X o 


XRT 


000*^^2^0001 


200^1-1 2-18 
^uuu x^- xo 


5353 


50 


MRK 18 

IVXXLiXV xo 


XRT 


000*^^2^0002 


200^-1 2-26 


3088 


20 


iD vv Xx" X dUyU^.OT^UUOO 


XMM 

yvivx ivx 


0*^1 21 Q1 1 01 

UOXZi Xf7X xux 


2006-0^-^1 
^uuu uo ox 


7142 12072 1208Q 
/ X4^, xxu xzuoy 


108*^0 10Q80 11221 
xuoou, xuyou, xxzzx 


fiWTFT inQn4 '^-i-^^'^8 


XRT 


nno352finnni 


200^-1 2-1 ^ 


5706 


916 


SWTFT 70Q04 '^4^'^f^'^8 


XRT 


000*^^^260002 


2006 01 06 

zuuu-ux-uo 


6211 


7*?6 

i OO 


SW7FT 70Q1 1 '?-\-d^T^ 
ovvxjT X duyxx , Zi^'-kooo 


XMM 

ivx IVX 


0*^1 91 Ql 901 


2006 04 1 

^UUU Ul xu 


1 1 '^*?o 1 1 "^im 

J XX OOU, X xoox 


- , U XO , oxo 


SWTFT 70Q1 1 

ovvxjT X duyxx . ^^'-tooo 


XRT 


000 '^'^961 001 


2006 01 04 
^uuu ux-ui 


5487 


21 


SAA/TFT 70Q1 1 9-U4^'^'i 
o vv ir X d uy X x.z-t-^ooo 


XRT 


000*^^^961 002 
uuuoozuxuuz 


2006 01 22 
zuuu-ux-zz 


887^1 
OO i o 


80 
ou 




XMM 

yv ivx IVX 


0*^1 21 Ql 401 

UO XZi X X'iUX 


2006 04 1 8 
^uuu ui xo 


Q01 2 1 1 80Q 11894 
ciuxzij xxouy^ xxozi'-t 


1 26070 *?Q777 *?Q220 
xzuu / u, oyi 1 i oyzzu 




XRT 


000*^^^26*^001 
uuuoo^uouux 


200^^ 12 10 

^UUtJ X Zi xu 


8564 


4986 


MTiK 41 7 

iVXXViXV "rtX ( 


XMM 

yv ivx ivx 


0*^1 21 Ql ^^01 

UOX^Xc/XiJUX 


2006 06 1 
^uuu uu xo 


74*?7 *?48 *?'M 

1 '-to 1 5 04:0j OOX 


107"^ *i48 *?'^1 

XU 1 O, 04:0, OOX 


MRK 41 7 

IVXXLXv rtX * 


XRT 


00035264001 

U UU O tJ UrtVJ U X 


900'S-I 9-1 9 

^\J\JtJ xz x^ 


6306 


41 


MRK 41 7 

iVXXVXV "rtX ( 


XRT 


000*^^^264002 

UUUOtJ^U'iUU^ 


9006 0*^ 0*^ 
^uuu uo uo 


3534 


20 


MRK 41 7 

iVXX\,X\. "rtX ( 


XRT 


000*^fi96400'i 

UUUOtJ^U iUUO 


9006 06 94 

^UUU UU^t: 


16130 


140 


TinP 6728 


XMM 

yv ivx ivx 


0*^1 91 Ql 601 

UOXZiXiiJXUUX 


9006 09 9*^ 

^UUU UZi ^o 


7920 11404 1141^^ 

( ^ZiU; XX'XUrtj XX'iXO 


*?070'i 11420 1110Q 
ou luo, xx'izu, xxxuy 


Tinn 6728 


XRT 


000*^^266001 


2006-06-24 


6331 


3090 


TTOn 6728 


XRT 


000*^'=i266002 


2006-06- 2Q 
^uuu uu^y 


3017 


994 


TTHP 6728 


XRT 


000^^^26600^ 


2006 07 07 

ZUUU-U 1 -U 1 




46 "? 
^oo 


SWTFT 71 200 8-l-n6'^0 

iD vv Xx" X d X^UU.OT^UUUU 


XMM 

yvivx ivx 


0*^1 21 Ql 701 
uoxziXc/x 1 ux 


2006-06-26 
^uuu uu^u 


Q777 124Q'=1 12^07 
y 1 / 1 , x^^yO) xzou i 


A^A'^ 1 ^QO 171^1 
^u^o, xoyu, X 1 ux 


SWTFT 11200 8-1-06^0 


XRT 


00035267001 


200^-12-1 1 

^LIUO X^ X X 


14961 


638 


SWTFT 11 200 84-06'^0 
kj vv xr X d x^uu.ot^uuiJU 


XRT 


000^^267002 

UUUOO^U 1 uu^ 


200 "^i-l 2-21 

iiUUO X Zi X 


3156 


120 


FSO ^^06 n027 


XMM 


0*^1 21 Ql 801 
uo x^ xy xou X 


2006 01 24 


81 62 1 1 1 "^Q 1 1 1 ^0 
oxu^) xxxoyj xxxou 


2114 6^0 64^ 

Zi X X4:, UOU, U10 


FSO f^06 (^097 


XRT 


ooo*^'^97*^oo9 

UUUOtJZ I ouuz 


900^1 06 1 
ZUUtJ-Uv)- X tj 


ozuy 


60 
uu 


FSO "^06 n027 


XRT 


000 *^'^9 7*^00*^ 
uuuoo^ / oyjuo 


900^^ 08 1 ^\ 

^UUO UO X o 


1938 


20 


FSO ^^06 n027 


XRT 


000*^^^97*^004 

UUUOO^ 1 OUU1 


900^1 08 98 
^uuo uo^o 


10808 


242 


WKK 1 96^^ 


XMM 

yv ivx ivx 


0*^1 91 Ql Q01 


9006 09 01 

^UUU Uii U X 


8Q02 11482 114Q'^ 
oyu^) xx^Oii) xx^i?o 


241 Qi^ 101Q8 10120 
z'rtxyo, xuxyo, xuxzu 


WKK 1 90*^ 


XRT 


000*^^^968001 

UUUOtJ^UOUUX 


900^^ 1 9 1 
^uuo X xo 


3253 


564 


WKK 1263 


XRT 


00035268002 


2005-12-29 


8690 


1346 


SWIFT ,11303.8+5345 


XMM 


0312192001 


2006-06-23 


8408, 11470, 11490 


86597, 27942, 27492 


SWIFT J1303.8+5345 


XRT 


00035269001 


2005-12-19 


7468 


7723 


SWIFT J1303.8+5345 


XRT 


00035269004 


2006-07-02 


4752 


3986 


NGC 4992 


XMM 


0312192101 


2006-06-27 


12849, -, - 


1756, -, - 


NGC 6860 


XMM 


0312192201 


2006-03-19 


-, 11815, 11823 


-, 5485, 4910 


NGC 6860 


XRT 


00035275001 


2005-12-12 


3536 


632 


NGC 6921 


XMM 


0312192301 


2006-04-23 


8789, 11235, 11249 


2243, 554, 513 


MCG +04-48-002 


XMM 


0312192301 


2006-04-23 


8789, 11235, 11249 


845, 180, 163 


MCG +04-48-002 


XRT 


00035276001 


2005-12-16 


4071 


41 


MCG +04-48-002 


XRT 


00035276002 


2006-03-23 


4600 


40 


MCG +04-48-002 


XRT 


0003072201 


2006-06-03 


6885 


65 



For the XMM observations, the exposure times and total counts are listed for the EPIC PN, MOSl, and MOS2 respectively. 
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SWIFT XRT Spectral 



TABLE 3 
Analysis: Absorbed Power Law 



Fits (tbabs*tbabs*pow) 



Source 


Observation ID 




r 


xVdof 


Soft Flux2 


Hard Flux^ 


MRK 352 


00035243001 


oi+°-°2 


, 7C+0.07 
'''-0.06 


181.3/133 


4.04 


7.75 


MRK 352 


00035243002 


00+°-°^ 


1 65+0-04 


152.0/152 


2.69 


5.95 


SWIFT J0216.3+5128 


00035247001 


ry Qr-T-)-0.33 

^■■J' -0.29 


9 ic+O.lS 


56.1/67 


1.35 


10.75 


SWIFT J0216.3+5128 


00035247002 


1 it;+0.25 
^■^3-0. 23 


-1 77+0.21 
^- ' ' -0.20 


46.0/44 


1.30 


11.10 


SWIFT J0216.3+5128 


00035247003 




1 SS+0-59 
-'-■S^-0.55 


15.7/11 


1.06 


9.17 


NGC 11423 


00035248001 


83.45 


3.88 


35.5/9 


0.00 


5.07 


NGC 1142 


00035248002 


90 iQ+20.59 


1 .5-1+1. 89 
-'-■^-'--l.lg 


9.3/7 


0.00 


7.36 


NGC 1142 


00035248003 


95.73^3g gg 


-1 1 +4.44 
•^■^^-2.08 


2.8/4 


0.00 


6.59 


SWIFT J0318.7+6828 


00035249001 




1 70+0. 48 
'-^-0.55 


17.4/17 


0.15 


4.11 


SWIFT J0318.7+6828 


00035249002 




-1 44+0-40 


11.6/16 


0.13 


4.78 


ESQ 548-G081 


00035250001 


- 


1 92+0-04 
1-^^-0.05 


131.7/136 


13.91 


19.62 


ESQ 548-G081 


00035250002 


- 


2 06+"-°'^ 
^-UD_o 02 


332.6/225 


16.19 


18.34 


ESQ 362-G018 


00035234001 


oo+° °i 


1 79+0.09 
^- ' ^^-0.09 


36.6/33 


7.66 


12.69 


ESQ 362-G018 


00035234002 


- 


1 45+0.05 


159.7/108 


4.38 


12.16 


ESQ 490-G026 


00035256001 




1 SS+0-07 
1-S8-0.07 


143.8/177 


7.07 


18.91 


ESQ 490-G026 


00035256002 


n r,7+0.09 
^^■^'-0.09 


1 70+0-14 
1- '"-0.13 


59.2/62 


6.32 


21.07 


ESQ 490-G026 


00035256003 


49+0.15 


1 SS+0-19 


27.2/42 


4.28 


14.49 


SWIFT J0904.3+5538 


00035260001 


oo+° °i 


1 54+0-08 

-^-^^-0.08 


39.9/40 


2.04 


5.02 


SWIFT J0904.3+5538 


00035260002 




1 49+0-09 
^-^^-0.09 


34.2/32 


1.51 


4.01 


MCG +04-22-042 


00035263001 


01+°-''° 
^■'^^-o.oi 


i-y>j_g 05 


173.9/185 


7.99 


11.69 


MRK 4173 


00035264003 


- 


-1.78 


38.5/4 


0.00 


2.16 


UGC 6728 


00035266001 


01+° °2 
^■'^^-o.oi 


-I 09+0.07 

l-»^-0.07 


106.6/117 


6.88 


11.78 


UGC 6728 


00035266002 


00+0 04 


1 76+0-15 
'"-0.08 


62.4/42 


4.58 


8.37 


UGC 6728 


00035266003 


04+°-°* 


1 74+0.25 
'^-0.20 


19.6/19 


4.80 


9.67 


SWIFT J1200.8+0650 


00035267001 


1 1 90 + 3.50 
ll.zo_2 g2 


1 60+0-48 


39.5/28 


0.01 


4.99 


SWIFT J1200.8+0650 


00035267002 


4 48+13.37 


, 19+2.03 
1-1^-1.27 


2.7/3 


0.00 


5.68 


ESQ 5O6-GO273 


00035173004 


36.38 


-0.22 


33.7/9 


0.00 


5.02 


WKK 1 263 


00035268001 




1 63+0-27 


26 8/24 


2.09 


7.79 


WKK 1263 


00035268002 


12+0-" 


1 63+0-14 


55.1/59 


1.73 


6.98 


MCG +09-21-096 


00035269001 




1 sn+0-04 


250.2/240 


13.67 


22.13 


MCG +09-21-096 


00035269004 




1 79+0.05 
1- '^-0.04 


143.9/151 


11.41 


21.09 


NGC 6860 


00035275001 




, 17+0.20 
1-1' -0.18 


30.9/27 


1.55 


11.54 


^ Cold hydrogen column density in units of 10^^ cm 


from the tbabs 


model. This accounts for absorption 


beyond the Galactic values which are 



listed ill Tabic A dash in this column indicates that no extra absorption was necessary. 
^ The observed soft flux (0.3-2 keV) and hard flux (2-10 keV) arc given in units of 10~^^ergcm~ 
^ Errors at the 90% confidence range can not be calculated for sources when Ax^/dof > 2.0. 
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TABLE 4 

XMM-Newton Spectral Analysis: Absorbed Power Law Fits (tbabs*tbabs*pow) 



k_JU Lii 


11 riciPT'i/!^ + 1 on TTi 

V_y LJOCl V<ILLH_J11 i.Lj 




p 


v2 /dnf 


Snft Fliix2 


HFirH Flnx2 

J. ± CLi LJ. ± 1 Li. jV 


MRK 352 


0312190101 




1 95+0.01 


3104.4/1569 


6.87 


9.76 


NGC 612 3 


0312190201 


79.90 


0.31 


274.2/83 


0.00 


1.66 


SWIFT J0216.3+5128 


0312190301 


1 74+0.06 
—0.07 


1 77+0.04 
—0.04 


1069.7/985 


0.90 


8.44 


NGC 1142 3 


0312190401 


65.68 


1.63 


942.8/197 


0.00 


3.00 


SWIFT J0318.7+6828 


0312190501 


3 20+0-31 


1 36+0-10 


812.3/772 


0.23 


7.43 


ESQ 548-G081 


0312190601 




2 03+0-01 


2943.5/1642 


11.34 


13.48 


ESQ 362-G018 ^ 


0312190701 


- 


1.47 


2534.6/549 


0.69 


1.83 


ESQ 490-G026 


0312190801 


'^•^^-0.01 


1.59lg:0^ 


1634.2/1757 


5.30 


19.79 


SWIFT J0641. 3+3257 


0312190901 


12 11+3-08 


0.98t0-30 


218.4/154 


0.00 


3.38 


MRK 18 


0312191001 


13.06t^-J0 


1 26+0-^^2 


413.4/327 


0.00 


1 .60 


SWIFT J0904.3+5538 


0312191101 




1 79+0-01 

^•'^-0.02 


1126.3/865 


3.19 


5.41 


SWIFT J0911. 2+4533 


0312191201 


27.63t9''43° 


1 34+2.21 
J^--^^- 0.43 


19.9/17 


0.00 


1.55 


MCG +04-22-042 


0312191401 




2 00+0-01 


1835.8/1819 


12.45 


15.52 


MRK 417 3 


0312191501 


41.76 


0.56 


565.6/82 


0.00 


1.52 


UGC 6728 


0312191601 


01+0-00 


1 70+0.02 
l-'*'-0.02 


1207.0/1160 


3.59 


6.49 


SWIFT J1200.8+0650 


0312191701 


9 Q1+0.72 


1 30+0-11 
i-^'^-o.io 


484.0/357 


0.02 


5.17 


ESQ 506-G027 ^ 


0312191801 


75.91 


1.14 


543.4/172 


0.00 


3.73 


WKK 1263 


0312191901 


06+0-01 


1 CO+0.03 
J^-J'J-0.02 


1257.3/1248 


2.32 


9.99 


MGG +09-21-096 


OolziyzUOl 




, 7(5 + 0.01 


izyi.z/ iDZ6 


9.27 


15.85 


NGC 4992 


0312192101 


76.20^^*^736 


1 69+0-58 
^•"^-0.30 


139.6/82 


0.00 


1.91 


NGC 6860 


0312192201 




n 90+0.04 

^•^''-0.03 


523.5/406 


0.57 


9.84 


NGC 6921 


0312192301 


98.33tif.^J 


1 95+0.40 
l.»J_g 37 


287.3/168 


0.00 


2.58 


MCG +04-48-002^ 


0312192301 


0.0 


1.98 


146.0/56 


0.02 


0.06 



^ Cold hydrogen column density in units of 10^^ cm~^ from the tbabs model. This accounts for absorption beyond the Galactic values which are 

listed in Table A dash in this column indicates that no extra absorption was necessary. 

^ The observed soft flux (0.3-2keV) and hard flux (2-lOkcV) are given in units of 10^"""^ erg cm~^ s~ "'" . 

Errors at the 90% confidence range were not calculated for sources when Ax^/dof > 2.0, since these fits were unsatisfactory. 
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TABLE 5 

XMM-Newton Detailed Fits: tbabs*tbabs*(pow + zgauss) Model 



Source 




r 


Fe K eqw^ 


Fe K norm. 2 


xVdof 


Soft Flux3 


Hard Flux^ 


MCG +04-22-042 




2 01+°-°^ 
'^■^'--0.01 


130.38 j:33;95 




1801.9/1818 


12.44 


15.65 


UGC 6728 


0.01-0.01 


1 70-1-0.03 


QQ oo~l"56.58 
0'J-J'->_45.66 


c- 70+3.89 
''^-3.14 


1198.8/1159 


3.59 


6.51 


WKK 1263 


06+" °i 
'^■'-'0-0. 02 




Q -1 (iQ~|~32.35 
01.zo_23 g7 


•i fiq+3-83 
cl.Dy_2 go 


1253.0/1247 


2.32 


9.99 


MCG -1-09-21-096 




-I 77+0.01 
'-0.01 


55 94+31.09 


9.83t^;tl 


1281.6/1625 


9.26 


15.89 



^ Cold hydrogen column density in units of 10^^ cm""^ from the tbabs model. This accounts for absorption beyond the Galactic values which are 
listed in Table A dash in this column indicates that no extra absorption was necessary. 

^ Equivalent width (in eV) and flux normalization for an inserted Gaussian line at 6.4 keV (redshifted) with a set FWHM of 0.01 kcV. The flux 
normalization is in units of 10~^ X total photonscm"^ s~^ in the line. 

^ The observed soft flux (0.3-2keV) and hard flux (2-lOkeV) are given in units of 10~^^ erg cm~^ s~ ^ . 



TABLE 6 

XMM-Newton Detailed Fits; tbabs*tbabs*(bbody + pow + zgauss) Model 



Source 




kT2 


r 


Fe K eqw'^ 


Fe K norm.-^ 


xVdof 


Soft Flux* 


Hard Flux* 


MRK 352 




096+° °°^ 


l^-"^-0.01 


60.29tf7:«^ 


7 7Q+3.62 
'•'°-3.60 


1695.2/1566 


6.50 


11.89 


ESQ 548-G081 




n 087+0-003 


1 85+0-01 
1-*0-0.01 


114.35l3B:« 


1^- '-4. 70 


1760.8/1639 


10.84 


15.83 


ESQ 490-G026 


n on + 0.04 

U-3J_o.02 


n 074+0-005 
U.U/4_o 006 


1 67+0 03 
l-"'-0.02 


07 + 23.36 

0».0( _23 28 


10 0+5.20 
l'^-'J-5.23 


1542.9/1754 


5.31 


19.49 


SWIFT J0904.3+5538 




070+°-'"''' 
U.U(U_o.o06 


1 7-1 +0.06 
^•'^-0.03 


40 71+71-76 


^•'^-2.79 


903.2/862 


3.05 


5.96 



^ Cold hydrogen column density in units of 10^^ cm~^ from the tbabs model. This accounts for absorption beyond the Galactic values which are 
listed in Tabic ^ A dash in this column indicates that no extra absorption -was necessary. 

Temperature of the blackbody component (kT) in keV units. 
^ Equivalent width and flux normalization for an inserted Gaussian line at 6.4 keV (redshifted) with a set FWHM (in eV) of 0.01 keV. The flux 
normalization is in units of 10~^ X total photonscm"^ s~^ in the line. 

^ The observed soft flux (0.3-2keV) and hard flux (2-lOkcV) are given in units of 10^^^ erg cm^^ s^ ^ . 



TABLE 7 

XMM-Newton Warm Absorber Model 

Source r O VII ^ r O VHP Ax^"" 

MRK 352 0.017 0.005 -12.3 

ESQ 548-G081 0.032 0.005 -0.06 

ESQ 490-G026 0.233^°;°|^ 0.0951° °^^ 25 

SWIFT J0904.3+5538 0.186^0.09? 0.039 9.9 

MCG -1-04-22-042 0.063^0.029 0.035lo;o25 41.5 

UGC 6728 0.072 0.023 0.8 

WKK 1263 0.046^0.046 0.020 1.0 

MCG -1-09-21-096 0.036to.o25 0.008 5.7 



^ Optical depth with errors or upper limits for the additions of edge models (zedge) at 0.74 keV and 0.87 keV. 
^ The from the best flt model in Table [5] or [6] minus from the warm absorber model. 



TABLE 8 

XMM-Newton Detailed Fits: tbabs*pcf abs*(pow + zgauss) Model 
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Source 








fraction-*^ 




r 


Fe K eqw^ 


Fe K norm.^ 




Soft Flux3 


Hard Flux^ 


NGC 612 




129.701J:^3^« 


0, 


gqg + O.OOl 
■^■'='-0.002 


2, 


1 9+0.06 
■^^-0.33 




17.9l«-j 


116.7/81 


0, 


.02 


1.50 


NGC 1142 






0, 


ggg + 0.001 


2, 


97+0.09 
■^'-0.17 


21 9 21 +5'i'.30 


39.0l^°2? 


260.5/195 


0, 


.08 


3.01 


SWIFT J0318.74 


-6828 




0, 


gg^-fo.oog 

■y"' -0.009 


1, 


c:9+0.12 
■''^-0.11 


44 -15+41.58 
44.iO_39 43 


c oc:+5.04 
a.oo_4 7g 


775.9/770 


0, 


.24 


7.31 


ESQ 362-G018 




26.64 j:2-72 


0, 


Q-l o-f 0.005 

y^'-'-o.oii 


2, 


-, O+0.04 
■-^'-'-0.04 


A9-| Q9 + '^5.15 


28.6l7.?8 


824.1/547 


0, 


.63 


3.34 


SWIFT J0641.34 


-3257 




0, 


ggO-fO.OOT 
■y°^-0.009 


1, 


94^+0.26 
■^^-0.23 


7 7P+46.01 
'.'0-7.76 


51+3-00 
'-'■01-0.51 


176.9/152 


0, 


.02 


3.31 


MRK 18 






0, 


Q7+0.02 
■y -0.02 


1, 


09+0.31 
■"^-0.22 




5 47+3.37 
^•*'-3.31 


322.4/325 


0, 


.03 


1.57 


SWIFT J0911.24 


-4533 




0, 


gq.+0.004 
■yy^-0.009 


2, 


47+0.98 
■^'-1.20 


582.76t^f7;r7 


90 7+17.3 
' -12.9 


9.3/15 


0, 


.01 


1.45 


MRK 417 




85.69li2g73 


0, 


995+0.002 
■='^'-'-0.002 


2, 


9c:+0.15 
■^''-0.17 


114.771^5.^8 


io.8l^:^J 


88.1/80 


0, 


.06 


1.44 


SWIFT J1200.84 


-0650 


10.80l«;f, 


0, 


ggi-fO.002 

— 0.003 


1, 


47+0.10 
' -0.11 


84.181^^:13 


7-6911^1 


340.3/355 


0, 


.04 


5.08 


ESQ 506-G027 




76.82j:^;3^ 


0, 


QSR+0.006 
■y°"-0.003 


0, 


Q1+0.23 
■y-^-0.18 


428.89l|0;°l 


'^.U_i4,3 


228.9/170 


0, 


,03 


3.87 


NGC 4992 




69.05t^;f8 


0, 


9974+0.0015 
yy '^-0.0016 


1, 


g-,+0.13 


320.22l»«;«3 


29 a+5.55 
^y-°-5.39 


120.8/132 


0, 


.01 


1.93 


NGC 6860 




4 5Q41.33 
^•''''-1.30 


0, 


fjr,+0.07 


0, 


7g + 0.11 
■ '^-0.15 


75.64l«li° 


9 45+7.86 
y-^3-8.06 


483.5/404 


0, 


.54 


8.99 


NGC 6921 




97.42li9,0« 


0, 


9984+0.0007 

.»y01_Q QQJ2 


2, 


04+0.11 
■•^^-0.21 


54.56l«:g« 


11 9+9.8 
ll.»_10.3 


190.7/154 


0, 


.03 


2.53 


MCG +04-48-002 


96.00j:^^;^^ 


0, 


9963+0.0023 
■»»"'J_0.0133 


2, 


47+0.32 
-0.44 


811+1219 


42 3+63.7 
^^"^-17.2 


62.8/52 


0, 


.025 


0.31 



^ Cold hydrogen column density in units of 10^^ cm~^ from the pcfabs model. This accounts for absorption beyond the Galactic values which are 
listed in Tabic The fraction column is the partial covering fraction. 

^ Equivalent width (in eV) and flux normalization for an inserted Gaussian line at 6.4 keV (rcdshiftcd) with a set FWHM of 0.01 keV. The flux 
normalization is in units of 10~^ X total photonscm""^ s~^ in the line. 

^ The observed soft flux (0.3-2kcV) and hard flux (2-lOkcV) arc given in units of 10"" "'"^ erg cm~^ . 
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TABLE 9 

XMM-Newton Detailed Fits: tbabs*(tbabs*pow + tbabs*(pow + zgauss)) Model 



kJU Hi L-t- 












i 1 










1^ PDW^ 
J_ " XV dJ W 


TC Tinvm ^ 

± C XV llLJXllli 




Flux* 


NGC 612 




0, 


.32«: 


,09 
,18 


4, 


97+1.78 
— 1.15 


' ^- > — 12.30 


0, 


oa+0.21 
.^o_0.19 


0.215 


177.00l«|:^^ 




82.0/79 


1.69 


NGC 1142 




0, 




,07 
06 


3, 


1Q+0.31 
—0 71 


62.941107^ 


1, 


4g+0.31 


0.028 


268.10l«2;« 


35-41^:9^ 


245.8/193 


3.19 


SWIFT J0318.74 


-6828 


1, 




42 

,11 


1, 


p:i+2.63 
—0.72 


6-iol|:l^ 


1 


74+1.10 


0.139 


45.29lf7:»«3 


5.63ll?« 


772.8/768 


7.41 


ESQ 362-G018 




0, 


.oo«: 


01 
,00 


2, 


—0.06 


6-30l2.66 





C7+O.I8 
—0.23 


1.753 


.09 90 + 110.50 


99 1 +3.31 
— 3.40 


736.0/545 


4.26 


SWIFT J0641.34 


-3257 


0, 


.oo«: 


04 
,00 


0, 


09+1. 38 
—0.76 


16.96l^;^5 


1 


45+0.78 
—0.42 


0.012 


l-58l?'58' 


^"^^ — 0.20 


176.5/150 


3.30 


MRK 18 




0, 


,36«: 


,57 
,29 


3, 


,74i?:™ 


18.2815:71 


1 


70+0. 65 
•'°-0.56 


0.048 


1SS K7+113.34 
-loo. 0' -109.56 


c qi +3.33 
o.y±_3 4g 


315.4/323 


1.53 


SWIFT J0911.24 


-4533 


3, 


,84t| 


73 

,84 


2, 


■561^:^^ 


48.031^:^2 


3, 


qc:+6.59 
■ — 2.04 


0.002 


695.561^213^0/ 


32.0120:? 


8.2/13 


1.36 


MRK 417 




0, 




,04 
,00 


2, 


00+0. 16 
—0.16 


54.151??:°^ 


0, 


ofi+0.97 
•°°-0.42 


0.101 


179.20l»^:^^ 


9.65llg 


78.8/78 


1.62 


SWIFT J1200.84 


-0650 





00+°' 


,06 
,00 


1, 


7c:-f0.93 
■'■-^-0.43 


10 57+°-'^^ 


1, 


40+0.10 
•^'^-0.08 


0.009 


94 4(1+35.70 
^^•^"-35.96 


0'^°-3.27 


338.9/353 


5.14 


ESQ 506-G027 




0, 


,oo«: 


,08 
,00 


0, 


ai-fO.28 
■'*^-0.31 


80.37lg:gg 





•^''-0.24 


0.011 


41 S 99+69.39 


73 fi+12.2 


228.1/168 


3.89 


NGC 4992 




0, 


.321°: 


73 
,31 


2, 


f.o-f3.73 
■0*'-1.69 




1 


4-1+0.53 
•^-^-0.14 


0.006 


318.3ll?!J:«* 


97 q+7.96 
^'•^-6.56 


70.4/78 


1.97 


NGC 6860 




0, 


.001°: 


,01 
,00 


0, 


47+0.10 
■*'-0.06 




0, 


40+1. 56 
•4**-0.08 


0.745 


65.36l«°:?I 


-1 7+7.57 
0. i / _ 7 77 


459.7/402 


9.97 


NGC 6921 




0, 


,571°: 


,20 
,21 


5, 


■08l?:25 


90.251}°:^^ 


1, 


7-, +0.53 
•'^-0.25 


0.025 




14 7+9.11 
-l^-'-9.67 


149.3/164 


2.64 


MCG +04-48-002 


0, 


■131°: 


,36 
,13 


3, 


OQ+1.07 
■'^"-0.78 


nno c:q+48.06 


10.00-6.63 


1.6e-9 




q/1 9+66.6 
■^^•^-19.1 


58.4/50 


0.26 



^ Cold hydrogen column density in units of 10^^ cm~^ from the tbabs modeh This accounts for absorption beyond the Galactic values which are 
listed in Table In this model, there is a separate column density component for each of the two power laws. 

^ Ratio of the flux normalization value for power law one versus power law two. For nearly all of these sources, the low absorption power law is 
much weaker. 

^ Equivalent width (in eV) and flux normalization for an inserted Gaussian line at 6.4 keV (redshifted) with a set FWHM of 0.01 keV. The flux 
normalization is in units of 10~^x total photonscm"^ s~^ in the line. 
The observed total ftux (0.5 — lOkeV) in units of 10""^^ erg cm~'^ s~^ . 



TABLE 10 

COMPTON-THICK REFLECTION MODEL: tbabs* (tbabs*pow + tbabs* (pexrav + zgauss)) 



Source 




F 


cutoff E2 


BAT norm^ 


x2/dof 


NGC 612* 


62.55I23 g2 


U.93-0.80 


48.58lg:*i 


o.o8l°:°? 


81.7/85 


ESQ 362-G018 


62+°-^° 
^■"''-0.26 


1 og+0.15 
l.»»__g 27 


100 


0-782l°:2^ 


622.8/547 


MRK 417* 


18 iq+9-00 


n 70+0.34 
''^-0.53 


106 7+112.10 
iUD./_54 7Q 


iq+°-l2 


114.6/83 


ESQ 506-G027 


65 40+11.93 


-, 00+0.22 
1-»8_Q 26 


100 




226.7/174 


NGC 6860 


0.00+10* 


9 qi+0.14 
^■'-'^-0.17 


100 


1 91+0.32 

^•^^-0.19 


444.5/408 



^ Cold hydrogen column density in units of 10^^ cm~^ from the tbabs model. This accounts for absorption beyond the Galactic values which are 
listed in Table [T] In this model, there is a separate column density component for each of the two power laws. The column densities listed are for 
the more heavily absorbed source. 

^ Cutoff energy for the pexrav/reflection model. For this model, we assumed that this component was a pure reflection component and allowed the 
cutoff energy to vary. Where the cutoff energy could not be constrained (the model parameter increases to very large, unphysical values), we fixed 
this parameter at the default value of 100 keV. 

^ Using the constant model, we allowed the BAT normalization to vary by a multiplicative factor. The recorded value is the factor variation of 
the BAT flux to the FN flux (normalized at 1), except for NGC 6860 which has no FN data (normalized to MOSl)."^ For NGC 612 and MRK 417, 
the best fit to the data, in terms of reduced x"^, was a model with low BAT normalization. Both of these sources showed curvature in the BAT 
spectrum, which was not well flt by the pexrav model. We include, in the text, a discussion of this as well as a description of the flts with BAT 
normalization set to 1 (similar to the best flts for the remaining 3 Compton-thick candidates). 
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TABLE 11 

Variability in individual XMM-Newton Observations 



ooiircc 




rr2 b 

rm s 


X /cioi 


MRK 352 


7.023 


7.010 + 0.0014 


576.71/99 


NGC 612 


0.119 


8.583 ± 5.640 


123.93/107 


SWIFT J0216.3+5128 


1.470 


1.043 ± 0.0048 


82.57/100 


NGC 1142 


0.283 


6.755 ± 0.8434 


82.51/100 


SWIFT J0318.7+6828 


1.166 


49.05 + 0.5085 


727.06/71 


ESQ 548-G081 


11.730 


4.497 + 3 X 10-" 


620.33/100 


ESQ 362-G018 


0.949 


1.067 + 0.01185 


107.24/100 


ESQ 490-G026 


5.128 


0.00523 + 2 X lO"'' 


105.16/103 


SWIFT J0641. 3+3257 


0.243 


62.76 + 8.863 


273.35/120 


MRK 18 


0.507 


94.36 + 3.251 


995.16/113 


SWIFT J0904.3+5538 


0.960 


0.7704 + 7 X 10-"' 


133.70/121 


MCG +04-22-042 


13.151 


0.08061 + 6 X 10-5 


88.10/80 


MRK 417 


0.145 


19.83 + 12.28 


103.53/77 


UGC 6728 


3.982 


29.45 + 0.02293 


1069.19/81 


SWIFT J1200.8+0650 


0.430 


1.860 + 0.09154 


100.27/110 


ESQ 506-G027 


0.268 


4.805 + 0.6714 


117.02/100 


WKK 1263 


2.446 


0.1615 + 3 X 10"'' 


94.24/89 


MCG +09-21-096 


9.348 


0.02412 + 3 X 10-^ 


96.63/99 


NGC 4992 


0.136 


9.399 + 3.531 


163.66/143 


NGC 6860 


0.478 


49.60 + 1.823 


377.40/119 


NGC 6921 


0.268 


105.8 + 12.07 


500.70/122 



^ Average count rate for the XMM-Newton observation in the 0.3 — lOkeV band. 

Corresponding excess variability measurements, as defined in lNandra et al ] tT997h xlO 
^ value divided by the number of bins for variability. 



TABLE 12 

Variability between XMM-Newton and XRT Observations 



Source 


Soft var.i 


A t,of? 


Hard var.^ 


A f 2 


riH var.? 


r var.? 


Flux var.? 


MRK 352 


0.92 


125.7 


0.49 


125.7 


yes 


no 


yes 


SWIFT J0216.3+5128 


0.39 


16.5 


0.27 


14.7 


no 


no 


yes 


NGC 1142 


0.00 


151.9 


0.79 


159.4 


no 


yes 


yes 


SWIFT J0318.7+6828 


0.59 


65.5 


0.61 


59.4 


no 


no 


yes 


ESO 548-G081 


0.35 


49.7 


0.36 


49.7 


no 


yes 


yes 


ESO 362-G018 


1.64 


91.8 


1.22 


63.5 


yes 


no 


yes 


ESO 490-G026 


0.49 


101.7 


0.35 


4.8 


yes 


yes 


yes 


SWIFT J0904.3+5538 


0.75 


84.1 


0.29 


84.1 


yes 


yes 


yes 


MCG +04-22-042 


0.44 


129.1 


0.28 


129.1 


yes 


no 


yes 


MRK 417 


0.00 


8.3 


0.35 


8.3 


no 


no 


no 


UGC 6728 


0.66 


119.8 


0.58 


119.8 


no 


no 


yes 


SWIFT J1200.8+0650 


2.00 


188.4 


0.13 


9.7 


no 


no 


no 


ESO 506-G027 


0.00 


149.7 


0.29 


149.7 


no 


no 


no 


WKK 1263 


0.29 


35.0 


0.36 


35.0 


no 


no 


yes 


MCG +09-21-096 


0.38 


186.2 


0.32 


186.2 


no 


yes 


yes 


NGC 6860 


0.92 


97.7 


0.16 


97.7 


yes 


yes 


yes 



"'" Comparing soft and hard flux from the XMM-Newton and XRT observations listed in Tables[3]and[^ As noted in the Variability section, we used 
the statistic (F^^a; - F^in)/Fa^g to compare the individual XMM-Newton and XRT fluxes in the soft (0.5 - 2.0 keV) and hard (2.0 - 10.0 kcV) 
bands. For a few of the high column density sources (n/f > lO^'^cm"^), the soft band flux was not able to be measured accurately due to a lack 
of counts. Therefore, the values in the Soft var. column arc unreliable for these sources (NGC 1142, MRK 417, SWIFT J1200. 8+0650, and ESO 
506-0027)."^ The corresponding value tmax—'^min in days for the {Fmax — Fmin) / Favg values in each band. 



